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Estimation of Cortical Components 
in Various Wools 


W. J. Thorsen 


Western Regional Research Laboratory, Albany, California 


Abstract 


Wools varying widely in diameter and crimp, from sheep of several breeds and ages, 
were stained with various reagents chosen to give high contrast between ortho- and 


paracortical segments. 


The brown to black sulfide stain produced in wools by sodium 


plumbite, selective for the paracortex, was measured quantitatively and observed to in- 


crease with diameter 


The greatest rate of change occurs in the fine diameter region. 


Wools shorn from sheep at different ages show lead sulfide staining increasing with age 


at shearing. 


Wool fibers which have been elongated or supercontracted show increased 
staining, which reflects the mechanical damage. 
nickelous nitrite, preferentially staining the ortho segment. 


The same wools were stained with acid 
It was verified that in this 


case the order of staining of the various wools is the reverse of that with plumbite. 


Solubility 
regularly with the degree of 
preferentially stains the orthocortex. 


the nickel 
Finally, paralleling the staining behavior, the stress 


in an aqueous solution of urea and monothioglycol is shown to increase 
staining in 


solution. Bromine water also 


in wool at 30% extension (wet) increases generally with diameter as well as with 


increasing maturity of the sheep 


Introduction 

Various dyes and other agents that give rise to 
colored stains are useful in distinguishing details of 
biological structure and composition. For this reason 
differential staining is especially valuable for relating 
the fiber structure of wool to its other properties and 
The 
wool, while not necessarily uniformly reactive in all 


types of fibers [6], are distinguishable by differences 


source. ortho- 


and paracortex segments of 


in staining by several dyes and by treatment with 


1 Western Utilization Research and Development Division, 
Agricultural Research Service, U. S. 


Department of Agri- 
culture 


gold chloride, sodium plumbite, and nickelous nitrite 
solutions [8, 14, 15]. 
active to many reagents and responds character- 
istically to freshly prepared bromine water [11]. 
Fraser and Rogers, by sensitive differential staining 


The orthocortex is more re- 


techniques, have shown that coarse wools, in which 
crimp is much less, possess a radial asymmetry in 
which the peripheral cortical cells are less accessible 
to basic dyes and have a higher sulfur content than 
the central cells. The disappearance of segmentation 
in wool was found to be a function of fiber diameter 
rather than breed; above 35, a division into “hard- 
H” (para) and “soft-S” (ortho) segments could no 


longer be justified. Hargreaves made preliminary 
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measurements of the hardness of the segments and 
found the H segment harder than the S segment by 
a ratio of 2: 1. 

Ahmad and Lang [2] find that coarser, “doggy” 
Merino wool has a higher percentage occurrence of 
paracortex in the cross section. 

Leveau et al. [11] report that the paracortex and 
the “ortho” portion of the epicuticle react vigorously 
with bromine, but that little reaction occurs in the 
orthocortex. C. E. Pardo of this laboratory (un- 
published data) has shown that bromine water pene- 
trates the orthocortex rapidly and immediately pro- 
duces a bright yellow coloration in these areas of 
the intact fibers. This differentiation is not apparent 
when cross sections are treated. 

Another reagent which preferentially stains the 
cortex (observed in cross sections) is 1% acid 
aqueous nickelous nitrite (Mercer [13]). The 
orthocortex is colored a bright orange-red; it is be- 
lieved that o-nitroso tyrosine residues are produced 
which form a stable orange-red chelate with the 
nickelous ion [15]. Nickelous nitrite reacts with 
tyrosine itself to give such an orange-red color. 

Examples of reagents which stain the paracortex 
preferentially are gold chloride [8] and alkaline 
plumbite [14]. With the latter, colloidal lead sulfide 
[18] is deposited in the paracortex, producing brown 
to almost black fibers, depending on conditions of 
treatment. Lead ions are presumed to react with 
sulfide produced by alkaline hydrolysis of the cystine 
disulfide bonds [4], so that lead sulfide is deposited 
near the site of the disulfide bonds. 

Because lead, nickel, and bromine solutions appear 
to produce stains of suitable contrast, they were 
chosen in the present investigation in an attempt to 
estimate the amounts and distribution of the two 
cortical components of wools of different character 
and origin. This paper reports comparison of these 
staining methods with solubility and mechanical 
properties and shows that differential staining of 
wool and mohair varies systematically not only with 
crimp but also with fiber diameter, maturity of sheep 
at shearing, breed of sheep, and degree of fiber 
elongation or supercontraction. 


Experimental 
Fiber Samples 
Samples used in this work included: 


(a) Rambouillet, Columbia, Suffolk, Navajo, and 
Lincoln wools from sheep grown under similar envi- 
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ronmental and dietary conditions [17]—these are 
referred to as Vaughn wools; 

(b) Lincoln, Rambouillet, and Hampshire wools 
shorn at various stages of animal maturity, from two 
months to five years—these wools are referred to as 
Burns ? wools ; 

(c) wool from newborn Merino lambs *; and 

(d) Southdale and superfine (Tasmanian) Merino 
wools, adult mohair, and human hair. 

The Southdale wool had been processed to top; 
others were unprocessed. 
scoured in Skellysolve “B” (essentially normal hex- 
ane) or ether, followed by alcohol. The staining re- 
actions were carried out on the air-dry root ends. 


All samples were similarly 


Staining Solutions 


(a) Sodium plumbite solution was prepared by 
adding 35 cc. of 0.98 N NaOH to a CO,-free 0.1% 
aqueous Pb(NO,), solution to give a pH of 11.8. 
Plumbite solutions of higher pH were prepared by 
adding more NaOH. 

(b) Lead nitrate solutions: 1, 10, or 35 g. of 
Pb( NO,), was added per liter of water. 

(c) Acid nickelous nitrate solution was prepared 
by adding 1 g. each of Ni(NO,), and NaNO, to a 
3% acetic acid solution and was used within an hour. 

(d) Saturated bromine water was prepared fresh 
for each experiment and used within 5 or 10 min. 


Staining Procedure 


Fiber samples (about 0.5 g.) were treated with 
approximately 70 cc. of staining solution in glass- 
stoppered bottles. If CO, is allowed to enter a 
plumbite solution, PbCO, will precipitate rapidly. 
The bottles were placed in a constant-temperature 


bath, usually at 40° C., and stirred intermittently 


Reflectance Measurements 


Reflectances were obtained with a Hardy record- 
ing spectrophotometer using a Vitrolite standard. 
K/S values were computed‘ for correlation with 
reagent uptake. 


2 Kindly furnished by Prof. R. H. Burns, Head, Wool 
Department, U. of Wyoming. 

8 Kindly made available by Prof. J. F 
Animal Husbandry, College of Agriculture, U. of California, 
Davis. 


. Wilson, Dept. of 


4K/S is the ratio of the absorption and scattering co- 
efficients and is related to reflectivity R. as follows: K/S 
= (1—R,,)?2/2R,.. In the case of textiles colored by the 
application of dye, K/S measures at each wave length the 
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Load—Elongation Measurements 


Load—elongation runs were made on wet fibers 
after 16 hr. of conditioning in distilled water at 
70° F. The fibers were loaded at a constant rate 
of 20 g./tex/min. up to 30% extension and then 
returned to 0% 


Fiber 
diameters were measured by the vibroscopic method. 


extension at the same rate. 


Lead Stain Studies 
Whole Fiber 


Fiber diameter. The diameter of fibers influences 
the degree of staining by alkaline lead solutions. 
Wool and hair samples were treated with the pH 
11.8 sodium plumbite solution at 40° C. After 12 
The 


coarser fibers were somewhat more colored than the 


min. the fibers were light brown in color. 
finer ones. With longer exposure the fibers con- 
tinued to darken. After 24 hr. the samples were 
removed, washed, and air dried. 

Comparisons of the reflectances of monochromatic 
light from these fibers, before and after treatment, 
were determined as an index of color differences. 
Reflectances before treatment range from 40 to 80% 
in the visible light region and show no diameter 
trend. 

Reflectances after treatment decrease generally 
with increasing diameter, particularly in the longer 
wavelength region, as expected from visual appear- 
ance of the fiber color. Typical values are shown 
in Figure 1 for the two Merino wools (14.3 and 
18.0u average diameter), mohair (34.14), Columbia 
Suffolk (35.0), 


(38.62), and human hair (54.0). 


(27.9p), Navajo (36.7), Lincoln 

Reflectances of all fibers are seen to increase with 
wavelength, but at 550 mp» and above a definite 
diameter trend develops. Reflectances of the fibers 
of larger diameter are less than those of the smaller 
fibers, with the exceptions of the mohair, Southdale, 
and Navajo wools, which have somewhat higher re- 
flectances than indicated by the trend of values for 
the other samples. The reflectance values at 750 mp 
are tabulated in Table I (Column 3). 

The color produced in the fibers, presumably due 
to colloidal lead sulfide [18], can be removed by 
treatment with aqueous HCl. 


For quarititative comparison of color differences 


amount of dye or essentially nonscattering pigment added. 
(“Color in Business, Science, and Industry” by Deane B. 


Judd. John Wiley & Sons, Inc., N. Y. 1952.) 


~ 
uo 


n 
°o 


TASMANIAN MERINO woo.< ‘434 
(18.0 a 


COLUMBIA WOOL 2794 
ADULT MOHAIR 34.1 4 


NAVAJO WOOL 36.74 
SUFFOLK WOOL 35.04 
LINCOLN WOOL 38.64 

HUMAN HAIR 54.0 yu 


REFLECTANCE, % (REF TO MgO ) 
a 


) 


1 en SSeS 


600 700 75 
mw 
Fig. 1. Reflectances (referred to MgO) of the wool and 
mohair fibers after reaction with sodium plumbite at 40° C. 
for 24 hr. at pH 11.8 





among the fibers, values of K/S were determined 
from the K/S are 
expected to be proportional to the amount of lead 
sulfide in the fibers; 


measured reflectances. values 
the K/S values are tabulated 
in Column 4 of Table I 


of lead remaining in the fibers was determined by 


As a check, the percentage 


chemical analysis; the results are tabulated in Col- 


Table I. 


ship it was found necessary, before chemical analysis, 


umn 5 of To obtain a reasonable relation- 
to remove excess lead such as that bound to carboxyl 
groups by overnight treatment with 1% aqueous 


This 


treatment did not materially change the reflectance. 


Sequestrene at room temperature, pH 7.0. 


The degree of correspondence found between chem- 
ical analyses for residual lead and K/S values is 
shown graphically in Figure 2. The regressions of 
percent lead and K/S on diameter were calculated ; 
the regression lines and coefficients are shown in 
Figure 2. The correlation of residual lead with K/S 
values is high—the correlation coefficient r = 0.88. 

It may be concluded therefore that the reactivity 
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TABLE I. Reflectances (Referred to MgO), K/S Values, 
and Percent Lead Uptake of Various Keratin Fibers 
Treated with Sodium Plumbite at 40° C. 
for 24 Hr. (pH 11.8) 


Reflect- 
ances at 
Diameter, 750 muy, 
Fiber im % 


% Pb 
K/S (after 
values Sequestrene) 


Tasmanian 


Merino 120s 14.3 31.8 0.731 
Tasmanian 
Merino 80s 0.84 
Rambouillet 


(#715) 


Columbia 
(#708) 


Beltsville top 
(Southdale) 


Adult Mohair 
10/6/52 


Suffolk 
(#732) 


Navajo 
(#733) 


Lincoln 


(#747) 


Human hair 


(Stuart) 54.0 4.26 


of wool toward sodium plumbite as measured by the 
amount of lead sulfide deposited increases regularly 


with increasing diameter with few exceptions. The 
mohair and Navajo fibers and Southdale top are 
lower in reactivity than expected from their diam- 
eters. This is shown by both reflectance and chem- 
ical analysis for lead. 

X-ray diffraction patterns of the stained fibers 
showed all the wools still to have a strong a-keratin 
pattern and, in addition, lines characteristic of lead 
sulfide. 

Influence of elongation on degree of stain. Elon- 
gated fibers exhibit a higher degree of lead staining 
in the visible region. A tuft of Lincoln fibers was 
mounted on a stainless steel stretching rack, im- 
mersed in water at 40° C., and then stretched 30%. 
The rack was then placed in pH 11.8 plumbite solu- 
tion together with an unstretched control and allowed 
to react for 20 hr. Cross sections of these fibers 
showed no differentiai staining. The stretched fibers, 
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examined by visible light, were found both by eye 
and by reflectance measurements to be more heavily 
stained. On the other hand, in the infrared region 
(above 850 my) the reflectance of the stretched 
sample was significantly higher than that of the con- 
trol. By a similar technique, C. H. Binkley showed 
that elongation increases the amount of Rhodamine 
B taken up by wool. 

Influence of supercontraction on degree of stain. 
Supercontracted fibers exhibit marked increase in 
degree of lead staining. Lincoln wool was made to 
supercontract in a LiBr solution (100 g./100 cc. for 
1 hr. at approximately 95° C.). After thorough 
rinsing, the fibers were immersed in a 40° C. pH 
11.8 plumbite solution, along with a control, for about 
4% hr. The supercontracted sample was heavily 
stained compared with uncontracted control fibers. 
Cross sections of these fibers also showed no dif- 
ferential staining. 

Influence of maturity of sheep at shearing on stain- 
ing reactions. The age of the sheep at shearing has 
a marked influence on degree of lead staining, inde- 
pendent of diameter. Samples of wool from new- 
born twin ram and ewe Merino lambs were compared 
with mature wools of similar diameter as to stain- 
The 
(19.6n in diameter) was compared with a 19.9-» 
Rambouillet wool, and the ram sample (18.7) with 
The mature 
wools stained more rapidly during the first few hours, 
while the lambs’ wools remained practically un- 


ability with sodium plumbite. ewe sample 


an 18.0-4 Tasmanian Merino wool. 


stained. Interestingly, even after reaction, the lambs’ 


wools were still the softest in handle. 

The Rambouillet, Lincoln, and Hampshire wools 
of increasing maturity (Burns wools) were then 
treated for 1% hr. in plumbite at 40° C. With the 
exception of the Hampshire, stainability was again 
found to increase with maturity. Reflectances were 
measured under standard compressions at several 
wavelengths. Values obtained with the Lincoln 
sample (referred to a Vitrolite standard) are plotted 
against age of the animal in Figure 3. The greatest 
percentage drop in reflectance with increasing age 
is seen to occur at the shorter wavelengths, partic- 
ularly at 600 mp. At this wavelength the reflectance 
drops from 38% at 4 months of age to about 18% 
at 3 years of age. The small peak observed in reflect- 
ances of wools from 2 to 6 months maturity may 
indicate changes in other properties occurring in the 


transition to the mature fleece. Interestingly, the 
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course of reflectance versus age is closely similar to 
that of the stress at 30% elongation up to 3 years 
of age (see Figure 11). 

Since no gradation in shade was found with the 
Hampshire wools in pH 11.8 plumbite. tests were 
made using plumbite solutions of higher pH as well 
as acid Pb(NO,).. A 0.1% Pb(NO,), solution 
(pH 5.0) was found to give the clearest differentia- 
tion. The reaction is quite slow; steam bath tem- 
peratures and reaction times of 8 hr. were required. 
The colors produced were shades of grey. 

One objective of these experiments was to deter- 
mine a suitable staining method to distinguish wool 
maturity. 
test. 


These results suggest a basis for such a 


Cross-Sectional Studies of Plumbite-Stained Wools 


In addition to confirming Mercer’s findings that 
the paracortex areas are most heavily stained, cross 
sections of the plumbite-stained fibers show a number 
of interesting features. 

Figures 4a—4e are photomicrographs of cross sec- 
It is 
seen that the stained areas are generally oblong and 


tions of the lead sulfide stained Vaughn wools. 


their “major axis” is parallel to the major axis of 
the fibers [2,7]. Also, there is gradation of shading 
between the ortho- and para- areas. Stained areas, 
especially in the wools of larger diameter, exhibit 
ring staining; that is, they enclose unstained areas. 
This ring staining effect becomes more pronounced 
with increase in staining temperature, but no rings 
were observed to form at or below room temperature. 
Moreover, the contrast between the ortho- and para- 
cortical areas steadily diminishes with decrease in 
temperature, until at 4° C. there is very little dif- 
ferentiation. The. ring staining is believed due to 
preliminary heavy deposition of lead sulfide, which 


clogs the “pores,” preventing easy access to further 


plumbite penetration. At the lower temperatures the 
diffusion is sufficiently rapid in comparison with the 
disulfide hydrolysis reaction with lead that the para- 
cortex areas are evenly stained. When the fibers are 
cross-sectioned before the staining and allowed to 
react in cross section, no “ring staining” takes place. 
In these cases the total area of the stained segment 
is about the same. Unquestionable examples of a 
central orthocortex area surrounded by paracortex 
could not be found. 

Percentage of cross sections occupied by para- 


cortex. The area occupied by the paracortex in- 
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creases generally with fiber diameter. Quantitative 
estimation of the percentage of paracortex in the 
fibers was made from area measurements of photo- 
micrographic enlargements of the stained cross sec- 
tions. The averages of two evaluations (100 or more 
fibers measured per evaluation) are shown in Figure 
5, plotted as a function of the average diameter of 
the breed. The average area stained is seen to in- 
crease from about 52% for the Rambouillet to about 
98% with the Lincoln. 

It is interesting that Columbia wool is midway 
between the Rambouillet and Lincoln wools in area 


stained (see long line through the three breeds) 


inasmuch as the Columbia sheep was derived by 
Suffolk and 


j 
| 


crossing the Rambouillet and Lincoln. 


47 


ts 


o 


PERCENT LEAD 
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Fig. 2. K/S values and percent lead uptake as a function 
of diameter for various keratin fibers treated with sodium 
plumbite at 40° C. for 24 hr. at pH 11.8. Lines calculated 
by means of least squares. 
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Fig. 3. Reflectance values of plumbite-treated Burns wools 
from a Lincoln sheep at various stages of maturity. 
referred to vitrolite standard 
T=40° C,, pH= 118. 
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Navajo wools, although larger in diameter than the 
Columbia, have respectively only 60% and 65% of 
their cross sections stained. Since reflectances were 
lower and lead uptakes greater, it appears that the 
paracortex areas are more intensely stained in these 
cases. Visual observations of plumbite-stained cross 
sections of wools of even smaller diameter than the 
Rambouillet (e.g., the 


clearly that their paracortex areas are proportionally 


Tasmanian Merinos) show 
smaller. 

Assuming circular cross sections, the diameter of 
each fiber of one of the evaluations of each breed 
(100 or more fibers) was calculated from the weight 


of its image cut out from a photomicrograph of 


known enlargement. The fraction of paracortex was 
plotted as a function of diameter for each breed. 
Although the values scatter considerably, a reason- 
derived. 
These slopes are shown in Figure 5, drawn through 
the averages of each breed, and are plotted in Figure 


ably linear average relationship can be 


6 as a function of average diameter. For all breeds 
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studied; the slope of this line is positive (i.e., percent 
paracortex increases with individual fiber diameter in 


the fleece), but decreases with increasing average 


breed diameter. That is, the coarse-wool sheep show 
stained fractions with less diameter dependence than 
the fine-wool breeds. 

Outer rings of orthocortex in Lincoln fibers. Con- 
trary to results with methylene blue, in our staining 
fibers show no central core of 


solutions Lincoln 


ortho. Actually, in lead staining solutions some 
fibers have a central core of para. 

Fraser and Rogers [7] and Fraser and MacRae 
[6] have reported that some Lincoln fibers have a 
core of orthocortex surrounded by.a ring of para 
cortex. Their observations were based on behavior 
towards methylene blue, a dye which is known to 
stain the orthocortex preferentially. (In this study, 
results confirming those of Fraser et al. have been 
obtained with methylene blue.) However, our find- 
ings with lead staining differ from these observations. 


Although the Lincoln photomicrograph (Figure 4e ) 


Fig. 4. Photomicrographs of 
sodium plumbite treated Vaughn 
wools (pH 11.8, 24 hr., 40 
The (a) Rambouillet (No 
715), (b) Columbia (No. 708), 
(c) Suffolk (No. 732), (d) 
Navajo (No. 733), 
Lincoln (No. 747) 


and (e) 
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shows large rings surrounding an unstained area, 


this effect is believed to be an artifact. In every 
case, when this wool is first cross-sectioned and then 
stained no ring staining occurs. On the other hand, 
the converse is found in a number of the fibers. A 
narrow ring of unstained orthocortex is seen to sur- 
This 


ring occurs more often in the smaller fibers, giving a 


round a core of the heavily stained paracortex. 


slight positive slope to the plot of percent paracortex 


as a function of diameter (see Figures 5 and 6). An 


19] 


explanation for the discrepancy between the lead and 
methylene blue staining results has not been found. 
Although, as might be expected from their lack of 
pronounced crimp, Lincoln fibers do not possess a 
well-defined bilateral differentiation, their structure 
is often asymmetric, as shown by the off-center loca- 
tion of the unstained cores in “ring-stained” fibers. 
unstained 


Interestingly, in a number of fibers the 


cores contained granular deposits presumed to be 


lead sulfide. 
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Cross sections of plumbite-stained Southdale wool 
top reveal that this sample, which we have found 
unusual in other mechanical and chemical properties, 
also stains characteristically. The para areas rarely 
contain unstained cores. Its differential staining is 
also much less pronounced. 

Degree of cortical asymmetry and its relation to 
crimp. Although the Suffolk and Navajo wools of 
similar diameter exhibit similar degrees of lead stain- 
ing, the distribution of stain over the Suffolk cross 
section is markedly asymmetrical, in accord with its 
The Suffolk and Navajo 
wools are of approximately the same diameter, 35.0 


higher level of crimp. 
and 36.7 respectively, but differ in that the former 
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Fig. 5. Average values of two determinations of percent 
paracortical area in Rambouillet, Columbia, Suffolk, Navajo, 
and Lincoln wools (Vaughan wools). Slopes of lines drawn 
through breed averages represent the relation of diameter 
and paracortex percentage for the breed (one determination 
per breed). 
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Fig. 6. Relation of percent paracortex area to individual 
fiber diameter plotted as a function of average diameter for 
the breed (Vaughn wools). 
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is more highly crimped. They have approximately 
the same ratio of ortho- and paracortex, as deter- 
mined by reflectance measurements of the degree of 
plumbite staining and by area measurements of the 
stained and unstained segments. However, the Suf- 
folk wool cross section (Figure 4c) shows the para- 
cortex more asymmetrically distributed than in the 
Navajo (Figure 4d). 

In the Navajo ard Suffolk, as with the Lincoln, 
Rambouillet, and Columbia, a granular deposit of lead 
sulfide was also found occasionally in the unstained 
regions. The distribution of these granules is such 
that they seem to cluster around the center of the 
fiber itself even in the central “core” of some of the 
larger stained areas. 

In a few 
cases, Rambouillet, Columbia, and Navajo fibers 
have “twin” paracortical areas. 


“Twin” structure of paracortex areas. 


Examination of the 
stained cross sections reveals that infrequent Ram- 
bouillet (Figure 4a), Columbia (Figure 4b), and 
occasional Navajo (Figure 4d) fibers exhibit para- 


cortical areas with a twin structure. These para- 


cortex areas consist of two approximately equal 


parts, often joined. The twinned areas are quite 
symmetrical, aligned parallel to the major axis of an 
elliptical fiber. 


This phenomenon appeared most 


often with the coarsest fibers. 


Stainability of Ortho- and Paracortical Spindle Cells 
by Sodium Piumbite 


The staining of ortho- and paracortex spindle cells 
differs somewhat from whole fibers. Ortho and para 
spindle cells separated from wool by Bartulovich 
[20] were treated with pH 11.8 sodium plumbite at 


40° C. 


the less dense and lower in sulfur, are more darkly 


In the first hour the ortho cells, which are 


stained. After 2 hr. the para celis become the darker. 
A 35% 
solution stains the ortho cells most at all 


In 4 hr. the para cells completely dissolve. 
Pb(NO,). 
times, as it does the young, ortho type Lincoln fibers. 
However a 10% solution of Pb( NOQO,). 
the ortho cells most, in contradiction to results ob- 
tained with the fibers from Lincoln lambs. 


also stains 


Nickel Stain Studies 
Whole Fiber 


Influence of diameter on staining. Acid nickelous 
nitrite solutions which stain the orthocortex produce 


heavier stains in fibers of smaller diameter. Samples 
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of the same wools and hairs described above were 
treated with acid nickelous nitrite for approximately 
4 hr. at 50° C. 
hour. 


Fresh solution was added every 
The 


smallest fibers were the most colored, but mohair, 


The fibers rapidly became orange-red. 


which has a large diameter, was also highly stained. 


The samples were then soaked in 1% Sequestrene 
at room temperature for 1 hr. to remove any loosely 
bound nickel. The reaction was discontinued when 
the fibers began to turn brown, suggesting a break- 
down of the colored product. The samples were 
then analyzed for nickel. The results are plotted in 
Figure 7 as a function of diameter. As expected, the 
amount of nickel bound to the wool decreases with 
The actual values 
tained, however, are much lower than the amount 


increasing fiber diameter. ob- 
equivalent to the 4+-6% tyrosine in wool or 2% in 
mohair. Stoichiometry would permit nickel binding 


of up to 2% for mohair. 


for wool or about 0.6% 
Mohair is seen to bind a very low amount of nickel, 
even though it is among the most brightly stained 
fibers. This may be due to the smaller tyrosine 
content or perhaps to greater breakdown of the 
colored product by Sequestrene. 

Relation of nickel uptake to solubility in mono- 
thioglycol. Direct correlation is found between the 
solubility of wool in a urea solution containing mono- 
thioglycol and the degree of staining by acid nickelous 
nitrite. Mercer has shown [12] that aqueous solu- 
tions of urea containing reducing agents react with 
and extract the orthocortex. . Lees and Elsworth 
[10] have suggested urea solubility as a measure of 
wool damage. In our experiments all fiber samples 


were treated with the keratin solvent: 0.5 M mono 
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Fig. 7. Relation between percent nickel uptake and fiber 
diameter ; fibers reacted in a solution of 1% Ni(NOs)e and 
3% acetic acid at 50° C. 
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thioglycol in 10 M urea solution at room tempera- 
ture. After 18-24 hr. treatment, the loss in weight 
was found to be inversely related to diameter, except 
that mohair is somewhat more soluble than a wool of 
equivalent diameter. A plot of the data as a function 
of diameter is seen in Figure 8, and as a function of 
percent nickel uptake in Figure 9. The low per- 
centage of nickel bound by mohair separates it from 
The nickel- 
staining behavior of human hair, however, ranks it 
with the 35-» Suffolk wool. 


sulfide staining ranks human hair as more para than 


the curve defined by the other keratins. 
On the other hand, lead 


the coarse Lincoln fibers. 

Influence of maturity of sheep on nickel staining 
reaction. Fibers from young sheep are classed as 
more ortho than those from older sheep on the basis 


of more dense staining with acid nickelous nitrite. 
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Fig. 9. Relation between amount of wool soluble in mono- 
thioglycol-urea solution (0.5 MW MTG-10 M urea, R.T., 24 
hr.) and percent nickel uptake (1% Ni(NOs2)s, 3% 
acid, 50° C.). 
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Two samples of the Burns Rambouillet (No. 508 
back) wools, one clipped at 2 months of age and 
the other at 4 years, were immersed in nickelous 
nitrite at 70° C. for 5 min. The 2-month sample 
stained more rapidly and to a greater extent than the 


4-year sample. 


Cross Sections of Nickelous Nitrite Stained Fibers 

As reported by Mercer, the orthocortex is stained 
more heavily by acid nickelous nitrite. As a check 
on Mercer’s finding [13] that the nickelous nitrite 
solution stains the orthocortex areas in wool, serial 
sections of Columbia (No. 708) 
prepared. Adjoining sections were treated, one with 
methylene blue to locate the orthocortical areas and 
the other with the nickel reagent. The nickel pro- 
duced a brilliant reddish-orange stain in the same 
segments that stained with methylene blue, thus 
confirming Mercer’s finding. 

The (No. 508) 
have relatively large orthocortical areas which are 
vividly stained, whereas the “older” fibers are lightly 
stained and have smaller orthocortical areas. Cor- 
responding results were obtained with the Lincoln 
(No. 741) sample. In contrast to results with meth- 
ylene blue [6, 7], no central nickel-stained areas 
were found in Lincoln fibers. 


wool fibers were 


“immature” Rambouillet fibers 


Spindle Cells 


Ortho spindle cells are more heavily stained by 
Ortho 
and para spindle cells separated from wool by Bartu- 
lovich [20] were treated with ortho-staining nick- 
elous nitrate. 


acid nickelous nitrite than para spindle cells. 


The ortho fraction (light-low sulfur) 
stained a much brighter reddish-orange than the para 
fraction. 


Bromine Staining Reactions 
Influence of Fiber Diameter on Staining 


Bromine water, an ortho stain, produces heavier 
stains in the fibers of smaller diameter. A few fibers 
from each of the breeds used in this study were 
placed on a microscope slide with a cover slip. 
Freshly prepared bromine water was dropped at the 
edge of the cover. Separation of the ortho- and 
paracortical areas is striking. The bright yellow 
bromine color appears practically immediately on the 
outer (convex) ortho side of the fiber crimp, but 
no color develops in the paracortex areas. Later, 


the paracortex is penetrated and reacts much more 
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vigorously than the orthocortex. 


Sharp lines of 
demarcation are observed between the two compo- 


nents. The degree of yellowing is greatest with the 


smallest fibers. Lincoln fibers are somewhat yel- 
lowed, but evenly so, perhaps indicating that they 
have orthocortical cells distributed uniformly over the 
cross section. Interestingly, if the fibers are cross- 
sectioned and then stained with the bromine water, 


no differentiation appears. 


Influence of Maturity of Sheep 


Fibers inferred to be predominantly of the ortho 
type from young sheep are more heavily stained 
with bromine than those from older sheep. The 2- 
month and 4-year samples of the Rambouillet No. 
508 were placed side by side on a microscope slide 
and freshly prepared bromine water dropped on the 
“old” 
fibers showed good segmental differential coloration. 


edge of the cover slip. After about 5 min. the 


The “young” fibers are more intensely yellowed, but 
show little or no differential effects. 

Mechanical Properties 
Influence of Fiber Diameter 


Single fiber tensile properties, including wet stress 
at 30% 
stress, increase with fiber diameter, generally paral- 


elongation, Young’s modulus, and _ yield 


leling increase in the paracortex component, suggest- 
ing that the para component exerts a major influence 
in the mechanical behavior on the fiber. 

Hargreaves’ preliminary measurements [7] of the 
relative hardness of ortho and para components indi- 
cate that the para portion is harder than the ortho 
component by a factor of two. Indeed, the ortho 
and para cells of mascerated wool fibers have been 
separated on the basis of higher density of the para 
cells. Moreover, analytical studies [19] have shown 
that the para cells have lower tyrosine content than 
the ortho, and, in view of the findings of Le Roux 
and Speakman [9] that wool fibers low in tyrosine 
have lower plasticity, this further suggests that the 
para component contributes an important part to the 
tensile properties of wool. Dry tensile strength 
measurements ®° on American and foreign wool top 
Therefore 
the stress-strain (wet) properties of the fibers of 


show a striking increase with diameter. 


5“Wool Quality,” S. G. Barker, p. 253, 1931, “American 
Wool Handbook,” W. von Bergen and H. R. Mauersberger, 
2nd Edition, pp. 143-144, 1948. 
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this study were compared. Young’s modulus, yield 
stress, and stress at 30% extension were found to 
increase, generally with diameter. Stresses at 30% 
extension were chosen for comparison; average 
values are plotted as a function of diameter in Figure 
10. The grand averages of all of the Vaughn wools 
(60 sheep, 1207 are also plotted, along 


with their regression on diameter. 


fibers ) 
As seen, stress 
values tend to increase with diameter, with the par- 
ticular exception of the highly crimped Southdale 
top and Suffolk. The slope of the regression line, 
b, is 0.015, and by application of the t-test this re- 
- 7.39. The 
exceptionally low stress values obtained with the 
Southdale and Beltsville top may be explained by 


gression is found to be significant; ¢ 


the fact that the effect of crimp in reducing stress— 
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to changes in diameter. The wet load-elongation 
properties of the Burns’ Lincoln No. 741 wools were 
also determined. 
(stress-30 ) 


plotted in Figure 11. 


Again, stresses at 30% elongation 
were chosen for comparison and are 
The values rose with the age 
of the sheep at shearing from about 4.4 g./tex at 
2 months of age to a high of about 5.5 g./tex at 


3 years. However, at 5 years, stress-30 dropped 


to about 5.0 g./tex. A check of the diameter of 
these fibers shows that this property also increased 
generally with age, as normal for wool, but corre- 
spondingly dropped at 5 years. Diameters are also 
plotted in Figure 11; they closely match changes in 
stress-30 values. Figure 12 shows that the change 
for this wool is a regular linear increase of about 


0.073 g./tex/p increase in diameter; similar results 


strain properties is much greater with larger diameter 
fiber [16]. (In particular this diameter effect has 
been found to hold with the Suffolk wool used in 
this study [16].) 
(highly crimped) Tasmanian Merino fibers are not 


Rambouil- 
let wools showed little change with age in 


were found with the Hampshire series. 
either 


Therefore, the smaller diameter 


)N 


as greatly reduced in stress as the Southdale and 
Suffolk. 


earlier indications that the paracortical component 


The above data would seem to confirm 
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Fig. 12. Change in mechanical properties of Lincoln (No. 
741) wool as a function of average diameter. 
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Each of these series showed 
apparent increase in para character with age, as 
shown by plumbite or lead staining. 


stress-30 or diameter. 


Conclusions 


The proportion of paracortex in wool fibers, as 
determined in this study by lead sulfide staining, and 
of orthocortex by staining with nickelous nitrite and 
bromine, varies systematically with fiber diameter. 
As diameter increases there is, in general, an increas- 
Cross-sectional areas 
and solubility measurements show that the greatest 
changes in this proportion occur in the small diam- 
eter region. With fibers of larger diameter, the 
change is much less. Contrary to Fraser and Roger’s 
suggestions [7], the demarcation between the ortho 
and para segments does not become less sharp from 
25 and 35 and disappear above 35,. 


ing proportion of paracortex. 


Segmentation 
is affected somewhat by breed as well as diameter. 

Wools from sheep shorn at increasing maturity 
show increasing para and decreasing ortho character. 
The influence of diameter on staining appears to be 
less important than maturity, since the staining is 
found to increase with age in at least one case in 
which the fiber diameter decreases. 

Staining results for adult mohair generally rank 
this fiber somewhere between the fine and medium 
wools, more ortho than indicated by its diameter. 
Fraser and MacRae [6] have inferred that adult 
mohair has both ortho- and paracortex components 
on the basis of staining with methylene blue. Fur- 
thermore, two types of cortical cells have been iso- 
lated from mohair by Ward and Bartulovich [20]. 
It appears certain that at least some mohair samples 
contain both ortho and para components. 

The Suffolk and Navajo wools used in this study 
are of comparable diameter and stainability in sodium 
plumbite, but differ markedly in crimp. The highly 
crimped Suffolk wool stains quite differently in cross 
section from the only slightly wavy Navajo wool. 
Since the proportion of cross-sectional area stained 
in each is about the same, we infer that the marked 
asymmetry of distribution of cortical components in 
the highly crimped Suffolk is the important factor 
related to crimp. Fraser and MacRae [6] and 
Ahmad and Lang [2] have called attention to this 
Fraser et al. [6, 7] relate 
the slight crimp in Lincoln wool to the existence of 


feature in Merino wool. 


a core of the orthocortex, which they found stainable 


by methylene blue. Such a core was not found in 
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the Lincoln wools of this study. Actually, a thin 
How- 
ever, we believe that the crimp in Lincoln wool may 
be explained by 
shown by the off-centered ring-staining effects pro- 
duced by plumbite. 

Plumbite staining of wool is useful in providing 


outer ring of orthocortex is sometimes seen. 


the asymmetrical staining, best 


structural details of the paracortex. Thus, twinned 
paracortex structures were demonstrated in some of 
the fibers, especially in the Navajo wool, closely re- 
lated to the type f staining described by Ahmad and 
Lang for Pakistani carpet wool [1] and 
Merino wool [2]. 


“doggy” 


The increased staining of elongated or supercon- 
tracted wool in sodium plumbite is probably a re- 
flection of damage to the fibers. Supercontracting 
wool in LiBr causes a considerable reduction in the 
Harris 30% Also, holding wool fibers at 


30% elongation for periods longer than about 8 min. 


Index. 


irreversibly alters the single fiber stress-strain prop- 
erties. 

Load-elongation studies of the wools show that 
stresses at 30% extension in water increase as the 
proportion of paracortex increases when effects of 
crimp are.taken into account [16]. This result is in 
accord with the fact that the paracortex is high [14, 
1°] in sulfur. Furthermore, Hargreaves has found 
preliminary indications [7] that the paracortex is 
harder than the orthocortex (in fine Merino wool) 
by a ratio of 2:1. The higher cystine content indi- 
cates that the paracortex is cross-linked to a greater 
degree [7] and is thus less extensible; the effect is 
slight. 

These results also agree with Le Roux and Speak- 
man’s findings [9] that fibers of high plasticity are 
high in tyrosine content, but do not necessarily agree 
that 
[9]. 
that the ortho portion of wool is richer in tyrosine 
than the para [19]. Thus, Le Roux’s high-plasticity 


variations in sulfur content are less important 
Recent unpublished studies of Simmonds show 


fibers are presumably higher in the ortho component. 
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The Effects of Gamma Radiation on Cotton 


Part I: Some of the Properties of Purified Cotton 
Irradiated in Oxygen and Nitrogen Atmospheres 


Florine A. Blouin and Jett C. Arthur, Jr. 


Southern Regional Research Laboratory,, New Orleans, Louisiana 


Abstract 


Two series of samples of purified cotton were irradiated in oxygen and nitrogen 
atmospheres with gamma rays at six dosage levels ranging from 100,000 to 100,000,000 


roentgens. 


Some of the chemical and physical properties of the irradiated. cellulose 


were determined by means of various widely used techniques of cellulose chemistry 
It was found that high energy gamma irradiation of cotton resulted in carbonyl group 
formation, carboxyl group formation, and chain cleavage in the approximate ratio of 


rb ES © 


increased solubility in water and in dilute alkali; decrease in tensile strength 


of the fibers; sraall but unusual changes in moisture regain; relatively unchanged infrared 
absorption spectra; and the same type of degradation in a nitrogen atmosphere as in an 
oxygen atmosphere, with oxygen producing only slight enhancement of the reaction. 


Iv THE last few years, the volume of literature 
describing the effects of high energy radiation on 
organic compounds [8] has increased markedly. 
This increase is undoubtedly due to the greater avail- 
ability of sources of high energy radiation and also 
to the realization of the fundamental as 
practical importance of such studies. 


well as 
Only relatively 
few organic compounds have been extensively in- 
vestigated with respect to changes brought about by 
high energy radiation ; very few of these studies have 
progressed to such a point as to produce generaliza- 
tions on the importance of factors such as the kind of 
radiation used, the rate of irradiation, the physical 
state of the irradiated compound, the solvent system 
used, other factors which affect the 
mechanism of radiation induced reactions. 


and various 


Almost all of the work dealing with high energy 
irradiation of simple carbohydrates has been carried 
out using dilute aqueous solutions, either in the pres- 
ence or absence of oxygen. Earlier workers [6, 10, 
17, 33] noted that, upon irradiation of sucrose solu- 
tions, inversion and increased acidity occurred. They 
concluded that the inversion was due to hydrolysis 
by the irradiation produced acids and not due to the 
direct action of the radiation. Phillips [29] observed 


1 One of the laboratories of the Southern Utilization Re- 
search and Development Division, Agricultural 
Service, U. S. Department of Agriculture. 


Research 


that, when aqueous hexose solutions were irradiated, 
a highly specific reaction occurred. The primary 
alcohol group of the hexose was oxidized to give an 
unstable dialdose, which was then changed to the 
uronic acid. Good yields of the corresponding uronic 
acids were obtained upon irradiation of aqueous solu 
tions of glucose, galactose, and mannose. Phillips 
stated that this reaction was of an “indirect” nature, 
being due to the action of the irradiation activated 
water on the dissolved hexose. 
that, upon irradiation of 
sugar solutions, increased acidity resulted [6, 10, 17, 
18, 22 


A number of other 
workers have observed 
Inositol, which contains only secondary 
alcohol groups, under certain conditions was con- 
verted to rhodizonic acid when exposed to ionizing 
radiation [41]. Khevokh [23] studied the shifts in 
ultraviolet absorption maxima and minima which oc- 
curred when a number of carbohydrates were ex 
posed to gamma rays. 

The polysaccharides, other than cellulose, which 
have been exposed to high energy radiation are starch 
[21, 22, 23], amylose [2], dextran [30, 34], hyal- 
uronic acid [3, 31, 39], agar [19, 22], alginic acid 
[12], gum arabic [22], and inulin [23]. The effects 
of high energy radiation on these polysaccharides 
were a decrease in viscosity, an increase in reducing 
power, and, with two exceptions [31, 34], an increase 
in the acidity of the solutions. 
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The presence of oxygen in the system irradiated 
has been found to enhance slightly the effects of the 
irradiation on the carbohydrates studied |29, 30, 40], 
except in the work of Bourne et al. [2], who found 
that the presence of oxygen markedly inhibited the 
development of reducing power and the loss of iodine- 
staining power of amylose. 

A number of workers have included cellulose and 
cellulose derivatives in their studies of the effects of 
high energy radiation upon some of the physical 
properties of various high molecular weight polymers 
and various textile fibers [4, 14, 16, 24, 25, 27]. 

Winogradoff [43] exposed cellulose acetate to 
X-rays for various periods of time up to 190 hr. 
He observed a decrease in tensile strength of the 
He 


also noted that the well defined rings observed in 


samples as the time of exposure was increased. 


the X-ray diffraction photographs of the original 


sample showed a progressive diffuseness in the photo- 
graphs of the irradiated samples as the exposure time 
was increased. Based on the diffuseness of the X-ray 
diffraction lines of the irradiated samples and on 
phenol delustering tests, he suggested that X-ray 
irradiation decreased the crystallinity of the samples. 
Winogradoff also noted the evolution of gas from the 
cellulose acetate samples upon irradiation, 

Lawton et al. [26] subjected basswood to high 
velocity electrons. The irradiation altered the struc- 
ture in such a manner that some of the insoluble 
carbohydrates became available to rumen bacteria. 
Maximum availability occurred at a dosage of 10° 
equivalent roentgens, and at this point the wood 
became hydroscopic and friable. The formation of 
reducing sugars in the soluble products of the ir- 
radiated basswood was thought to indicate depol- 
ymerization of the fundamental glucose chain of the 
cellulose. Filter paper which received a dosage of 
3.3 X 10° equivalent roentgens became completely 
water soluble, and it was estimated that the chain 
length was approximately six glucose units. 

Millett, and [38] studied the 
effect of high energy cathode rays on wood, wood 
They found that the effect 


of irradiation on the degree of polymerization of 


Saeman, Lawton 


pulp, and cotton linters. 


cellulose was small up to a dosage of 10° equivalent 
roentgens, after which the degree of polymerization 
decreased rapidly as the dosage was increased, until 
at 5 x 10° equivalent roentgens the cellulose was so 
degraded that it was found to be completely water 


soluble. The three types of cellulose irradiated were 
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depolymerized at approximately the same rate, sug- 
gesting that this type of depolymerization was not 
affected by the crystallinity of the sample. The po- 
tential sugar content (quantitative saccharification ) 
of the cellulosic materials was determined before and 
after irradiation. The percentage of the carbohy- 
drates destroyed upon irradiation at a dosage of 10° 
equivalent roentgens, based upon the difference be- 
tween these two values, was found to be 14% for 
the cotton linters, 17% for the wood pulp, and 9% 
for the wood. Irradiation of powdered glucose at 
10° equivalent roentgens destroyed 14% of the sugar. 
Irradiation caused a large change in the course of 
dilute acid hydrolysis of these cellulosic materials. 
The irradiated cellulose showed an increase in the 
rate of hydrolysis and an increase in the quantity of 
easily hydrolyzed material. This would seem to indi- 
cate that irradiation produced a reduction in crystal- 
linity and a disruption of the crystallites of the 
cellulose. 

Charlesby [5] used the data of Saemen et al. [38] 
to verify a theoretical relationship between intrinsic 
viscosity [»] and radiation dose R: 


—alog (R + R,) + constant 


log [»] = 


where FR, is a “virtual” radiation dose needed to 
produce the initial number-average molecular weight 
from a chain of infinite molecular weight. Charlesby 
calculated that a radiation dose of 10° roentgens re- 
sulted in the fracture of 0.16% of the bonds between 
glucose units in the cellulose chain. It was suggested 
that the quantity of carbohydrates destroyed on ir- 
radiation can be explained on the assumption that 
approximately one monomer unit was decomposed 
per main chain fracture. 

Gilfillan and Linden [15] studied the effect of beta 
irradiation, in the presence and absence of moisture 
and atmospheric oxygen, on the strength of cotton 
yarns. They observed that removal of water and 
oxygen by evacuation did not have any beneficial 
effect upon the strength of the irradiated yarns. Ex- 
cess water added to the cotton resulted in a yarn of 
slightly higher strength than the yarns which con- 
The effects of 


several additives upon the strength of the irradiated 


tained only equilibrium moisture. 
yarns were also studied. A number of qualitative 
tests of particular interest were made. Irradiation 
was found to increase slightly the water solubility. 
The water soluble portion exhibited an increased 


acidity. The irradiated samples reduced Fehling’s 
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solution and exhibited a greater affinity for methylene 
blue (basic dye) than did the controls. The ir- 
radiated yarns showed a decreased affinity for direct 
dye but regained this affinity by pretreating for 30 
min. with a boiling 0.5% NaOH solution. The 
water extracted irradiated samples were found to 
reduce KI, but this property was not exhibited by 
the water extract. Gilfillan and Linden concluded 
from these results that irradiation produced an oxy- 
cellulose of the acidic type in which some cellulose 
peroxides were present. 

The effects of gamma radiation on some of the 
physical and chemical properties of purified cotton, 
irradiated in atmospheres of oxygen and nitrogen, 
are reported in this publication. The possible react- 
ants present during irradiation of one series of 
samples are cellulose, water, and oxygen; in the 
other, cellulose and water, assuming nitrogen remains 
inactive. It is believed that experimental data ob- 
tained on purified cotton under controlled conditions 
is necessary (a) to establish the mechanism of the 
radiation induced reactions and (b) to aid in the 
application of nuclear radiation to the development 
of new cotton products. 


Experimental 
Preparation of Samples for Irradiation 


A batch of approximately 1.5 kg. of raw Deltapine 
cotton was purified by extraction with hot ethanol 
and by boiling for 2.5 hr. in 1% NaOH solution, kept 


fresh by continuous removal and addition, with 


TABLE I. 
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proper precautions to prevent exposure to air [20]. 
The NaOH was removed from the cotton by washing 


with distilled water, souring with dilute acetic acid, 
neutralizing with dilute NH,OH, and then a second 
washing with distilled water. The cellulose was 
then allowed to condition at 21° C. and 65% relative 
humidity, resulting in a moisture content of 7.24%. 
Approximately 75 g. of cotton was packed into each 
of twelve water- and air-tight cans (volume ca. 600 
ml.). Six cans were placed in a vacuum desiccator. 
The atmosphere was evacuated to a few inches of 
pressure and replaced three times with oxygen at 
atmospheric pressure. The other six were placed in 
a vacuum desiccator and the atmosphere replaced 
similarly with nitrogen. 
mediately. 


The cans were sealed im- 


Irradiation of Samples 


The twelve samples described above were sent to 
the National Reactor Testing Station at Idaho Falls, 
Idaho, where the gamma irradiations were performed 
under water in a reactor canal. The gamma radia- 
tion was produced by fission products in spent MTR 
fuel elements. The samples to be irradiated were 
lowered through 18 ft. of water into the canal, and 
there received gamma ray dosages ranging from 
100,000 to 100,000,000 roentgens. The 
was kept between 2.5 x 10° and 3.5 x 10° roent- 
gens/hr., except in the samples receiving 10° roent- 


dose rate 


gens, which received a fraction of the total dosage at 
6.5 X 10° roentgens/hr. 


Some Chemical and Physical Properties of Purified Cellulose Irradiated with Gamma Rays in 


Oxygen and Nitrogen Atmospheres 


Degree of 
polymeri- 
zation 


Carbonyl 
groups, * 
mmoles/g. 


Carboxyl Water Alkali Pressley 
groups,f solubility, solubility, index, 


mmoles/g. % % Ib./mg. 


Atmos- 
phere 


Dosage, 
roentgens 


0 — 4400 

x 105 O2 3100 
Ne 3100 

x 10° O. 800 
Ne 880 

5 X 10° Oz 290 
No 320 

x 107 Oz 180 
No 210 

5 X 10’ Oz 72 
N2 79 

x 108 0. 30 
No 56 


0.00 
0.01 
0.01 
0.06 
0.05 
0.29 
0.22 
0.58 
0.36 
1.92 
1.30 
3.04 
2.66 


0.002 0.1 0.8 
0.004 0.0 1.5 
0.002 0.0 1.0 
0.007 0.0 4.0 
0.005 0.0 4.9 
0.022 
0.015 
0.039 
0.023 
0.107 
0.070 
0.155 
0.139 


61 
78 
.80 
12 
11 
86 
5.79 
4.31 
4.81 


Fe i i i Me | 


* Precision of results: control—-107, +0.02; 5 « 107-108, +0.07. 
+ Precision of results: +0.001. 
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Methods Used in Examination of Irradiated Samples 


In order to determine the carbonyl content of the 
irradiated samples, Braidy’s copper number method, 
as described by Clibbens and Geake [7], was used, 
with only slight modification. The volume of buffer 
solution used was raised to 125 ml. in order to elimi- 
nate excess air in the flasks used. One-gram samples 
were used, except for the samples receiving the two 
highest irradiation dosages, when it was necessary to 
reduce the sample to 0.25 g. 

The carboxyl groups were determined by the cal- 
cium acetate method, as described by Davidson and 
Nevell [11]. 

The fluidity of the samples was determined by the 
A.S.T.M. method [la]. 


in cupriethylene diamine hydroxide, and a buret type 


One-gram samples were used. 
The samples were dispersed 
viscometer was used. A slight modification of the 
method was used in the procedure for dispersion of 
the cellulose. The weighed samples were transferred 
directly to the viscometer from which the air was 
removed and replaced with nitrogen before addition 
of the dispersing solution. The cellulose was then 
allowed to dissolve by placing the viscometer on a 
rotating wheel overnight ; the apparent fluidity, spe- 
cific viscosity, and intrinsic viscosity were calculated 
using the appropriate formulas [la]. The values for 
the degree of polymerization were calculated using 
Conrad's [9] constant of 190.5. 

The solubilities of the samples were determined by 
refluxing 1 g. of each sample for 1 hr. in 100 ml. of 
distilled water or 100 ml. of a 1% NaOH solution, 
washing thoroughly, and obtaining the dry weight of 
the undissolved residues. 

The moisture regain data were obtained according 
to the A.S.T.M. method [1b]. 
equilibrated under standard conditions (21° C. 


The samples were 
and 
65% relative humidity) ; equilibrium was approached 
from the dry side. The samples were then dried 
to constant weight in a forced draft oven at 105- 
110° C, 


dry weight of the sample, was reported as moisture 


The percent moisture, based upon the oven 


regain. 

The infrared data were obtained using the KBr 
disc technique described by O’Connor, DuPré, and 
McCall [28]. 

The tensile strength of the irradiated fibers was 
determined using the Pressley flat bundle tester ac- 
cording to the A.S.T.M. method [Ic]. Five breaks 
were made per sample and a zero gauge length was 
used. 


Data and Discussion 


On the basis of the properties of cellulose which 
have been examined, the major structural changes 
which occurred on irradiation of cellulose with gamma 
rays in the presence of oxygen or nitrogen are the for- 
mation of carbonyl and carboxyl groups and the cleav- 
age of the cellulose chains. The variations of these 
properties with dosage are shown in the first three col- 
umns of Table I and in Figure 1. In the first column 
of the table, the cupriethylene-diamine viscosity data 
are presented as the degree of polymerization (D.P. ) 
of the irradiated cellulose. In the second and third 
columns, the reducing power and titratable acidity 
of the irradiated samples are given in millimoles of 
carbonyl and of carboxyl groups formed per gram of 
cellulose, respectively. In order to obtain a better 
comparison of the effect of dosage on these three 
properties of the cellulose molecule, the data are 
plotted in Figure 1 in terms of chain cleavages per 
original molecule (the number of glucosidic bonds 
which were cleaved in order to degrade the original 
molecule to molecules of the degrees of polymeriza- 
the first the table) and 


carboxyl and carbonyl groups formed per original 


tion listed in column of 


molecule. The cellulose molecule is not significantly 
affected until it receives a dosage of greater than 10° 
roentgens, after which the number of depolymeriza- 
tions, the number of carboxyl groups formed, and 
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Fig. 1. Effects of gamma radiation on the number of 
chain cleavages and formation of carboxyl and carbonyl 
groups per original cellulose molecule (D.P. = 4400) irradi- 
ated in oxygen and nitrogen atmospheres. 
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Fig. 2. Effects of gamma radiation on the moisture re- 
gain of cellulose irradiated in oxygen and nitrogen atmos- 
pheres. 


the number of carbonyl groups formed increase 
The forma- 
tion of carbonyl groups is by far the most predomi- 


rapidly with further increase in dosage. 
nant chemical change which occurs. Approximately 
twenty times more carbonyl group formations have 
occurred in the reaction than carboxyl group forma- 
tions or chain cleavages. The number of carboxyl 
groups formed at the various dosage levels is of the 
same order of magnitude as the number of chain 
cleavages which have occurred at the same dosage 
level, suggesting that each chain cleavage might be 
resulting in the formation of one carboxyl group. 
At a dosage of 10® roentgens, the number of de- 
polymerization actions per gram of cellulose which 
has occurred is 0.95 x 10° for the oxygen atmos- 
phere and 0.66 x 10° for the nitrogen atmosphere 
irradiations, as compared to 1.02 x 10” depolymeri- 
zation found at 10° equivalent roentgens by Saeman 
et al. [38] for cellulose linters irradiated with high 
energy cathode rays. 

The effect of gamma radiation on these three prop- 
erties of cellulose is slightly less when the irradiation 
is carried out in a nitrogen atmosphere than when 
carried out in an oxygen atmosphere. Assuming 
that nitrogen does not take part in the reaction 
(through formation of oxides of nitrogen), the re- 
sults would indicate that oxygen, ozone, or any other 
activated states of the oxygen molecule do not take 
part in the primary reaction but only produce a sec- 
ondary enhancement of the reaction. The effect of 
the presence of water in the irradiated system will 
have to be evaluated separately. 

In the fourth column of Table I, it is observed that 
the irradiated samples show no water solubility until 
a dosage of 5 x 10" roentgens is reached; at 108 
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roentgens the cellulose is approximately 10% water 
soluble. 

The dilute alkali solubility of the irradiated sam- 
ples, as indicated in the fifth column, increases with 
increase in dosage, until at 10° roentgens the cellulose 
is 70-75% soluble. Since the alkali solubility has 


been found to be proportional to D.P. as well as to 
the number of carbonyl and carboxyl groups present 


in the molecule, it is not possible to say which factors 
are most responsible for the marked alkali solubility 
observed here. 

The decrease in tensile strength of the bundles of 
irradiated fibers, the sixth column of 
Table I, becomes marked (23-24%) at a dosage of 
5 x 10° roentgens. 


shown in 


It was impossible to obtain ten- 
sile strengths of the samples which received the two 
highest dosages due to disintegration of the fibrous 
structure on handling. 

The moisture regain of the cellulose is not greatly 
affected by The 
changes which do occur, however, are unusual; they 
are shown in Figure 2. 


irradiation with gamma rays. 
The regain values start to 
decrease at 5 x 10° roentgens, reach a minimum at 
5 x 10° roentgens, and start to rise at 10° roentgens. 
Changes in moisture regain are usually thought to 
reflect changes in the submicroscopic structure of the 
cellulose if the treatment has not altered the chemical 
composition of the fibers. The small changes in 
moisture regain values would suggest that there is 
no marked alteration of the submicroscopic structure 
of the fibers and that the observed chemical changes 
did not markedly affect the regain values. 

Infrared spectral curves for each of the irradiated 
samples were obtained over a wavelength range of 
2-15u. The only difference in the spectral curves of 
the irradiated samples over the whole range of dos- 
ages from the purified cellulose control curve is the 
appearance of a small absorption band at 5.75, for 
dosages of 5 x 10° and 10° 
The 
C=O of both carbonyl and carboxyl groups have 
been found to show absorption in the 5.45-6.5y 


region [32]. 


the samples receiving 
roentgens ; these bands are shown in Figure 3. 


The small absorption band which is 
obtained for the two most highly irradiated samples 
is in no way proportional to the number of functional 
groups which have been found to be present by 
chemical tests. 

Carboxyl groups in cellulose have been detected 
by various workers [36, 37] and seem to give ab- 
sorption bands proportional to the number of groups 
which are present [13], but cellulose which has been 
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chemically oxidized to give carbonyl groups shows 
the same anomalous behavior as obtained with the 
irradiated samples. Cellulose which has been oxi- 
dized to as high as 80% with periodate gives only 
a weak band at 5.84 [35]. Even this weak band 
could not definitely be attributed to the carbonyl 
groups present, since at such a high degree of oxida- 
tion some carboxyl groups are present. This absence 
of free aldehyde groups in periodate oxidized cellu- 
lose was explained by one of three phenomena which 
might be occurring: combination of the carbonyl 
groups present with water to form a hydrate, internal 
hemiacetal formation by one of the carbonyl groups 
and hydration of the other, or hemiacetal formation 
by all of the carbonyl groups. 

The infrared absorption curves of the irradiated 
samples retain all of the absorption bands given by 
the purified cotton control without any lessening of 
intensity. O’Connor, DuPré, and McCall [28] show 
that a loss in crystallinity of cellulose due to vibratory 
ball milling is clearly indicated by a broadening and 
smoothing out of the series of sharp bands given by 
cellulose in the 7.0 through 9.5y region. The gamma 
ray irradiated samples do not show this behavior, 
suggesting that irradiation does not produce a de- 
crease in crystallinity of the cellulose. Radial X-ray 
spectrometer tracings [42] of the irradiated samples 
also gave results which indicate that the irradiation 
did not produce a decrease in the crystallinity of the 
samples ; this is contradictory to the results observed 


by Winogradoff [43] on cellulose acetate, Prelimi- 


nary acid hydrolysis studies of the irradiated samples 
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Fig. 3. Infrared spectra of gamma irradiated cellulose at 
5.5-6.0u. (A) Control cotton, (B) dosage: 10° roentgens, 
(C) dosage: 5X 10° roentgens, and (D) dosage: 10° 


roentgens. 
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do, however, exhibit the behavior observed by Sae- 
man et al. [38]. The rate of hydrolysis of the 
cellulose is markedly increased by gamma irradiation, 
but the extrapolation necessary to obtain a measure 
of the quantity of crystalline material present be- 
comes very uncertain with the samples which re- 
ceived large dosages of gamma rays. This apparent 
decrease in crystallinity indicated by acid hydrolysis 
data conceivably could be due to the chemically 
altered structure of the cellulose rather than to an 
alteration of crystalline structure of the cellulose. 
Until further observations are made, it would seem 
to be impossible to decide to what extent gamma 
irradiation disrupts the crystalline structure of the 
cellulose. 


Summary 


High energy gamma irradiation of purified cotton 
resulted in 
1. carbonyl group formation, carboxyl formation, 
and chain cleavage in the approximate ratio of 
20:1:1; 
increased solubility in water and in dilute alkali ; 
. decrease in tensile strength of the fibers; 
small but unusual changes in moisture regain ; 
relatively unchanged infrared absorption spec- 
tra; and 
6. the same type of degradation in a nitrogen 
atmosphere as in an oxygen atmosphere with oxygen 
producing only a slight enhancement of the reaction. 
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Part II: Proposed Mechanism of the Effects of High Energy 
Gamma Radiation on Some of the Molecular 
Properties of Purified Cotton 


Jett C. Arthur, Jr. 


Tue effects of high energy gamma radiation on 
some of the physical and chemical properties of 
purified cotton irradiated in atmospheres of oxygen 
and nitrogen have been recently reported by Blouin 


and Arthur [1]. When the high energy of the 
incident gamma radiation was degraded by interac- 
tion with the carbon, hydrogen, or oxygen atoms of 
cellulose, a small fraction of the energy was absorbed 
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in ionizing the atom and a fraction of the energy was 
transmitted as a gamma radiation of lower energy 
and as projected electrons. These secondary radia- 
tions had sufficient energy to cause ionization of 
additional atoms and to result in other successive 
radiations. When the radiations had 
passed through the volume containing the cotton or 
had been degraded to energies lower than required 
for interaction with an atom of cellulose, the chain 


successive 


of secondary events would be terminated. 
It can be shown that for many successive second- 
ary events resulting from a common parent 


N, = Cie kit + Coe kot es ace a C.e knt (1) 


where NV, is the number of events [3]. With a 
steady source of gamma radiation, the rate con- 
stants k should be ki < ky --- <k,; that is, the 
secondary electrons will interact with the atoms at 
a greater rate than the gamma radiation. Equa- 
tion 1 reduces to approximately 


In N, —kti+InC, (2) 


Extending Sippel’s equation [5 ] for the effect of 
irradiation on the degree of polymerization and ten- 
sile strength of artificial cellulose fibers to molecular 
properties in general, it follows that 


dP 


— > 3 ; 
Zi kF ( 


where P is the molecular property. Integrating 


Equation 3 between the limits Po to P and ty to é, 
it follows that 


In P — In Py = kt (4) 
where fy) = 0. 


Combining Equations 2 and 4, it follows that 


In P = k' ln N, + K’ (5) 


In the measurement of total dosage of gamma 


radiation received in a system, principally the number 
of events N, is determined. If Equation 5 is graphi- 
cally solved on a log-log plot using the total dosage 
measured experimentally as N,, a straight line with 
a slope of k’ and an intercept of K’ is received. The 
effects of high energy gamma radiation on some of 
the molecular properties of purified cotton irradiated 
in oxygen and nitrogen atmospheres are graphically 
solved in Figures 1 and 2. 

It is observed that the degree of polymerization, 
carbonyl groups, and carboxyl groups of the ir- 
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Fig. 1. Effects of gamma radiation on molecular properties 
of purified cotton irradiated in oxygen atmosphere. 


10,000 


3 


B.CARBONYL, 10 °«MOLES/G 
10’* MOLES/G 


8 


A.DEGREE OF POLYMERIZATION 
C.CARBOXYL, 


10 
10" 10® 
ENERGY, ROENTGENS 
Fig. 2. Effects of gamma radiation on molecular properties 
of purified cotton irradiated in nitrogen atmosphere. 
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radiated, purified cellulose were related to the total 
energy absorbed as indicated by Equation 5, at 
least within the range of 100,000—100,000,000 roent- 
gens. Considering only cellulose depolymerization, 
Charlesby [2], using the data of Saeman, Millett, 
and Lawton [4] for cotton linters and wood pulp, has 
also shown a similar relationship between intrinsic 
viscosity and radiation dose between about 1 and 


100,000,000 equivalent roentgens. 
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A Method for Measuring Yarn Softness and Its Use 
to Show the Effect of Single and Ply Twist 
on the Softness of 31/2 Cotton Yarns 


Evald L. Skau, Edith Honold, and William A. Boudreau' 


Southern Regional Research Laboratory,? New Orleans, Louisiana 


Abstract 


An apparatus is described for measuring yarn softness in terms of the percent increase 
in yarn width when the yarn is subjected to lateral pressure between two parallel plane 


surfaces. 


Softness data obtained on a family of 31/2 cotton yarns have been presented 


as a contour diagram which, in connection with similar contour diagrams of other 
important yarn properties, shows the interrelationship of these properties over a wide 


range of single and ply twist combinations. 


Introduction 


Yarn softness, the extent to which a yarn yields to 
lateral pressure, is an important property for which 
there is apparently no quantitative measurement. 
The interwoven yarns in a fabric press against each 
other and tend to flatten both on the fabric surfaces 
at the points of bending and within the fabric when 
compressed laterally between adjacent crossing yarns. 
The extent to which they are deformed as they yield 
to these stresses has a major effect on many fabric 
properties, such as coverage, permeability, luster, 
drape, hand, dimensional stability, and abrasion re- 
sistance. 

Deformation of yarn cross section under lateral 


1 Resigned. 

2 One of the laboratories of the Southern Utilization Re- 
search and Development Division, Agricultural Research 
Service, U. S. Department of Agriculture. 


pressure can be considered a measure of softness and 
lends itself to quantitative evaluation so that a series 
of yarns can be arranged in the order of their de- 
formability or softness. An apparatus has now been 
devised by which this deformability is measured in 
terms of the percent increase in width of the yarn 
when subjected to lateral pressure between two paral- 
lel plane surfaces. 

Softness may be dependent upon many parameters, 
such as fiber fineness, twist multiplier, number of 
Data obtained by this 
method for a group of 31/2 cotton yarns show the 
effect of single and ply twist multipliers on the de- 
formability or softness. 


plies, and yarn number. 


The softness—twist multi- 
plier pattern for this group is compared with the 
pattern relating skein breaking strength and twist 
multiplier in order to illustrate a means of choosing 
an optimum yarn construction for a specific purpose. 
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Apparatus and Procedure 


The apparatus (Figure 1) consists of three major 
parts—a device for compressing a yarn laterally be- 
tween two parallel plane surfaces, a means of deter- 
mining pressure, and an optical system for measuring 
the width of the yarn. 

The pressuring surfaces are a transparent Plexi- 
glas* stage (S) and a Plexiglas wedge (W) atop 
the plunger (P) of an upright hypodermic syringe. 
The two surfaces are rigidly mounted with respect 
to each other, as shown in the figure. The syringe 
barrel was immobilized in a vertical position by shim- 
ming it snugly into a length of steel pipe, which was 
in turn mounted perpendicularly on the lower side 
of the apparatus base. The syringe plunger (1.55 
cm. in diameter) is capped with a small wedge of 
Plexiglas accurately shaped to a trapezoidal right 
prism. The wide side of the wedge had been ce- 
mented to the plunger head after the latter had been 
ground square to the plunger axis. The cement was 
allowed to dry with the opposite small side of the 
wedge (approximately 4 mm. in width) pressed 
firmly against the Plexiglas stage. Thus, parallelism 
between the Plexiglas stage and the pressuring sur- 
face of the wedge was insured. 

A hole in the side of the steel pipe admits a rubber 
tube which connects the barrel of the syringe to a 
mercury leveling bulb (B) and a manometer (A). 
The pressure is calculated from the hydrostatic head 
of mercury ; that is, the height of the mercury column 
in the manometer above the zero position determined 
previously by raising the leveling bulb until the upper 
surface of the wedge just touched the under surface 
of the Plexiglas stage. This position was established 
from the average of several trials and was repro- 


ducible to + 1 mm. 


The microscope (M), mounted rigidly with re- 
spect to the stage and the syringe, is fitted with a 
filar micrometer (F) for measuring the yarn width, 
unpressured and compressed. 

With the mercury leveling bulb sufficiently low to 
move the syringe cap away from the stage, the yarn 
(Y) is reeled off its spool (D) and passed between 
the stage and the syringe cap. The yarn is aligned 
by passing it over a pair of pulleys (E, E) placed on 


8 Mention of names of firms or trade products does not 
imply that they are endorsed or recommended by the U. S. 
Department of Agriculture over other firms or similar prod- 
ucts not mentioned. 
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opposite sides of the syringe and is straightened by 
hanging a 3.5-g. spring clip (G) from the free end 
of the yarn. The original yarn width is measured 
in filar micrometer units at approximately 25x mag- 
nification and is recorded. Then the leveling bulb 
is raised to a preselected position so that the hydro- 
static head (625 mm. of mercury) corresponds to a 
pressure on the plunger of 12 Ib./sq. in. The plunger 
rises and a 4-mm. length of yarn is pressed between 
the upper surface of the wedge and the under surface 
of the Plexiglas stage. The yarn width is measured 
again, and the increase in width is converted to 
percent increase. An indefinite length of sample (1 
ft. to more than 3 ft.) was reeled off between suc- 
cessive pairs of readings, which were taken at the 
widest portion of that yarn twist which came to rest 
beneath the vertical cross-hair of the filar microm- 
eter. If the component single yarns of any sample 
obviously spread apart when pressure was applied, 
the measurement was discarded and additional read- 
ings were taken. At least 50 such measurements 
were made on each yarn; the average of the percent 
increases was calculated. The standard error of the 
1.5% for the softest yarns to 
0.6% for the hardest yarns. 


mean varied from 


[Roeper perry eTer rr erree . 


F. CREE 





Fig. 1. An apparatus for the determination of yarn soft- 
ness or deformability by the measurement of the percent 
increase in yarn width under lateral pressure. M,m.m= 
microscope, D = yarn spool, F = filar micrometer, E,E = pul- 
leys, S= Plexiglas stage, G= spring clip, W = Plexiglas 
wedge cap, A= mercury manometer, P = plunger of hypo- 
dermic syringe, B= mercury leveling bulb, Y = yarn, and 
C,C = clamps fixing apparatus to table top. 
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Since a greater lateral spread can be expected in 
a soft yarn than in a hard yarn, yarn deformability 
as determined by the percent increase in yarn width 
under lateral pressure can be taken logically as a 
measure of yarn softness. A pressure on the syringe 
barrel of 12 Ib./sq. in. was chosen arbitrarily on the 
basis of preliminary measurements on a number of 
yarns of varying softness over a range of pressures. 
The curves resulting from a plot of percent increase 
in yarn width against pressure showed that, in each 
instance, the yarn width increased rapidly at first 
and then more slowly as the pressure was increased. 
At a pressure of 12 Ib./sq. in., all curves were well 
beyond the initial rapid rise and were leveling off. 

At this chosen hydrostatic pressure, the yarn is 
pressed between the two parallel surfaces with an 
applied force of 3.51 lb., as calculated from the diam- 
eter of the plunger. It would be preferable to make 
these measurements of yarn width at constant lateral 
pressure instead of constant force, but this is not 
experimentally feasible, since a knowledge of the 
area of yarn surface involved in each instance would 
be required. 

The yarn softness as here measured should be 
defined, therefore, as the percent increase in yarn 
width when a 4-mm. length of the yarn is pressed 


laterally between two parallel plane surfaces under 
an applied force of 3.51 Ib. 

The original yarn diameters were calculated from 
the recorded widths of the unpressured yarns by 
applying the factor obtained by calibration of the 
filar micrometer division against an etched millimeter 
scale. 


Samples 


The yarns used in this study formed the basis for 
a previous report [1] and consisted of a family of 
98 two-ply yarns with varying nominal twist multi- 
pliers in both the single and ply yarns. This group 
of yarns was used to demonstrate the manner in 
which yarn softness is dependent upon twist multi- 
plier. The yarns were 31/2 (2 X 19 tex) construc- 
tion with a Z twist in the single yarn and an S twist 
in the ply yarn. Details of fiber properties, yarn 
construction, and yarn properties, other than those 
reported herein, may be found in the previous report. 

These yarns were constructed from seven single 
yarns of different nominal twist multipliers (2.9, 3.4, 
3.9, 4.4, 4.9, 5.9, and 6.9), each of which was two-ply 
twisted with 14 nominal twist multipliers ranging 
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from 1.4 to 7.9 in increments of 0.5. To simplify 
identification, each yarn will be designated by (single 
T.M.)/(ply T.M.); eg., 2.9s/1.4p represents the 
two-ply yarn of 1.4-nominal twist multiplier made 
from the single yarn of 2.9 nominal twist multiplier. 


Results and Discussion 


The softness or percent increase in yarn width for 
the faraily of 31/2 yarns ranged from 17% for the 
hardest yarn to 60% for the softest. The curves 
for Figures 2 and 3, described in the following sec- 
tions, were smoothed with respect to each other so 
that the softness of any sample would have the same 
value in each figure. 


Varying Ply-Yarn Twist with Constant Single-Yarn 
Twist 


Each curve in Figure 2 shows the softness change 
in the yarns twisted from a single yarn of a desig- 
nated original twist multiplier as the ply twist multi- 
plier varies from 1.4 to 7.9. The abscissas for the 
curves are staggered to achieve separation of the 
successive curves by spacing their starting points 
(1.4p) in accordance with the original twist multi- 
pliers in the single yarns. The cross on each curve 
represents a “balanced” yarn; i.e., a yarn 
when held in the form of an open loop, will not twist 
on itself. 

After sufficient twist had been inserted into the 
ply yarn to produce a balanced yarn, the general 
trend of the group as a whole is downward, so that 
the softness tends to become less as the twist multi- 


which, 


plier in the ply yarn is increased; in other words, 
the higher the twist multiplier in the ply yarn, the 
harder is the yarn for each series. The two series 
of tightest single yarns (5.9s and 6.9s) do not con- 
form entirely to this generality. 

For ply twist multipliers lower than those of the 
balanced yarn (progressing to the left from the 
crosses), there is a sharp rise in softness, followed 
by a pattern which changes gradually for each suc- 
cessive curve: The 2.9s and 3.4s curves continue to 
rise steeply; the next four curves (3.9s through 
5.9s) are concave downward; finally, the 6.9s curve 
becomes a horizontal line at a softness (percent 
increase position) twice as great as that of the bal- 
anced yarn. 

The shape of the curves is apparently dependent 
upon the changing structure and configuration of 
the yarn as the twist in the ply yarn is increased. 
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For example, in the 2.9s series, which was con- 
structed from the softest single yarn, the first member 
(2.9s/1.4p) may be considered as two loosely twisted 
groups of reasonably aligned fibers held together in 
yarn form by minimal twist. This yarn should tend 
to yield to lateral pressure and should show consider- 
able increase in width, since its fibers are relatively 
free to move with respect to each other. The most 
logical redistribution would be for the fibers to move 
sidewise and perpendicularly to the direction of pres- 
sure, with a large percent increase in yarn width, 
so that the yarn would be characterized as soft. As 
S twist is inserted into the ply yarns, the movement 
of the fibers becomes more restricted when pressure 
is applied to the ply yarn. After the Z twist is 
removed completely from the single yarns, the two 
singles are blended, so that the yarn approximates 
At the the trend is 
toward coarser yarns (more weight per unit length) 


a one-ply yarn. same time, 
and the unpressured yarn width becomes less (the 
Both trends are work- 


ing toward the same result—that the yarn density 


yarn cross section decreases ). 


increases as the twist multiplier in the ply yarn be- 
comes greater; the yarn density of the 7.9p member 
of this 2.9s series is estimated to be twice that of the 
1.4p member. ‘Therefore, the 7.9p member would 
be expected to be the least deformable or the hardest 
m¢.~ber of the series, since it is most compact and 
i. fibers have lost most of their freedom of motion. 
The experimental data show the degree to which 
this is true. For example, the percent increase in 
yarn width of the 7.9p member is 29%, as compared 
with a 60% increase for the 1.4p member. 

At the other extreme, the 6.9s series presents a 
different picture. The tightly twisted single yarns 
lie side by side in the ply yarn and tend to maintain 
their identity throughout the series, since the amount 
of S twist in the ply yarn of the 7.9p member is 
insufficient to remove all the Z twist from the single 
yarns. When the 1.4p member is viewed longitu- 
dinally, the single yarns appear to cross each other ; 
theoretically, these crossovers should be about 2.3 
mm. apart. Since a 4-mm. length of yarn is com- 
pressed, the pressure on this yarn is applied to one 
or two crossovers of the two tight singles and would 
tend to move them perpendicular to each other. 
Obviously, because of the yarn construction, this 
movement is limited and is reflected only in occa- 
sionally observed separations of the single yarns 


between crossovers. The increased yarn width meas- 
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urements are taken between crossover points; the 
40% increase calculated for the first six members 
(1.4p through 3.9p of this 6.9s series) must be due 
predominantly to this tendency for the single yarns 
to spread apart. However, the separation was not 
perceptible and possibly was masked by an over- 
lapping of the fibers along the edges of the single 
yarns. At the balanced yarn (4.4p), the single yarns 
must have become sufficiently untwisted and loosened 
to permit them to be flattened in position with little 
tendency to swing apart; as a result, the yarn as a 
whole takes the pressure. 

The curvature of the initial portions of the curves 
for the intermediate series (3.4s through 5.9s) prob- 
ably results from an interplay on the single yarns of 
two factors, i.e., the tendency to maintain their 
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Fig. 2. Change in yarn softness as ply yarn twist multi- 
plier increases from 1.4 to 7.9. Each curve represents yarns 
twisted from a single yarn of indicated constant twist multi- 
plier. The dotted lines connect all ply yarns of T.M. 1.4 
and T.M. 7.9. The crosses represent balanced yarns. 
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Fig. 3. Change in yarn softness as single yarn twist mul- 
tiplier increases from 2.9 to 6.9. Each curve represents ply 
yarns of indicated constant twist multiplier. The dotted 
lines connect all yarns twisted from single yarns of T.M. 2.9 
and T.M. 6.9. The crosses are balanced yarns. 
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identity and to separate between crossovers and the 
tendency to loosen as Z twist is lost and to allow the 
individual fibers more freedom of motion. 

In all the curves, the balanced yarns (the crosses) 
mark a break in the curve pattern; this break is 
sharpest for the 6.9s series. In terms of softness as 
herein defined, the yarn softness decreases rapidly 
as the twist multiplier of the ply yarn approaches 
that of the balanced yarn, particularly abruptly in 
the 6.9s series. As the twist multiplier is increased 
beyond that of the balanced yarn, the general tend- 
ency toward decreasing softness is much more grad- 
ual and, in the 5.9s and 6.9s series, becomes almost 
negligible. 


Varying Single-Yarn Twist with Constant Ply-Yarn 
Twist 


In Figure 3, each curve represents a given twist 
multiplier in the ply yarns and shows the manner in 
which the softness changes with different twist multi- 
pliers in the original single yarns. It should be noted 
that the data are plotted in conformance to Figure 2 
and the twist multipliers of the single yarns increase 
from right to left. 
balanced yarns. 


Again, the crosses represent 


The 4.4p yarns are the first group, consisting 
wholly of yarns which have been brought to or 
somewhat beyond balanced construction by the intro- 


duction of ply twist. The softness of these yarns 
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Fig. 4. Solid diagram illustrating the effect on yarn 
softness of varying twist multipliers in both single and ply 
yarns. The distance of the upper surface from the base of 
the figure is equivalent to the softness of the yarns. 
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varies linearly with respect to twist multiplier in the 
single yarns from 20% for the tightest (the balanced 
yarn of the 6.9s series) to 48% for the loosest single 
yarn (2.9s). The same linear trend is apparent for 
the three preceding groups (2.9p through 3.9p) in 
those portions of the curves to the right of the 
crosses. Proceeding toward greater unbalance due 
to excessive ply twist (4.9p through 7.9p curves), 
the linear relationship continues for each curve as 
long as there is residual Z twist in the single yarns. 
Beyond the calculated positions for complete removal 
of Z twist from the single yarns, the relationship 
between the two parameters becomes curvilinear ; in 
the 7.9p group, for example, the softness values 
change from 21% to only 29% and plot along a 
definite curve. 

The 3.4p and 3.9p curves each show a minimum 
in the general vicinity of the point represented by 
the balanced yarn, so that there is an increasing 
softness in the yarns as unbalance increases, due to 
either excessive twist in the ply or excessive residual 
The 1.4p, 1.9p, and 2.4p 
curves represent yarns which are in unbalance due 
to excessive residual twist in the single yarns; each 
The 
2.9p curve, with both a maximum and a minimum, 
marks the transition, 


twist in the single yarns. 


of these curves tends to show a maximum. 


Combined Effect of Single-Yarn and Ply-Yarn Twist 

The combined effect of twist in the single and in 
the ply yarns on softness can be represented by the 
upper surface of the solid model, shown in Figure 4, 
which is constructed by combining Figures 2 and 3 
The 


intersection of this surface with a plane parallel to 


on three-dimensional rectangular coordinates. 


the XY plane and at a height corresponding to a 
softness value, for example, of 30% is a contour line 
passing through all points on the surface which 
represent yarns having a softness of 30%. 

The relationships in Figure 4 can be presented in 
a more convenient form as a two-dimensional contour 
diagram (Figure 5) of the surface by projecting 
upon the base of the solid model the contour lines 
corresponding to selected softness values. 
this 


greatest facility from Figures 2 and 3 by plotting all 


The con- 


struction of diagram is accomplished with 
the twist multiplier coordinates for any given soft- 
ness, 30% width increase for example, and drawing 


a smooth curve through the points. The full lines 
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in Figure 5 are the contour lines, at 5% intervals, 
for yarns having equal softness values. 

This method of presentation is particularly ad- 
vantageous, since it permits a simplified graphical 
intercomparison of the changes in yarn softness with 
the simultaneous changes in other yarn properties, 
such as skein breaking strength, elongation it break, 
modulus, etc. Skein breaking strength data [2] for 
the same series of yarns were used to construct a 
similar contour diagram, which has been superim- 
posed on the softness diagram. Thus, the dotted 
lines in Figure 5 represent yarns which have equal 
skein breaking strength values in pounds as labeled. 
The composite graph gives, for this complete family 
of yarns, a comprehensive picture of the softness and 
skein breaking strength values as affected by the 
Soft- 
ness and skein breaking strength values can be read 


twist multipliers in the single and ply yarns. 


for any combination of twist multipliers in the single 
and ply yarns within the range studied. 

A number of interesting conclusions can be drawn 
from Figure 5. The strongest yarns (skein breaking 
strength beyond 190 Ib.) have softness values in the 
30-35% range. If either softer or harder yarns are 
desired, they must be attained at the expense of 
strength. As the yarn strength decreases, the greater 
is the range of softness values which can be obtained 
by choice of twist multipliers in the single and ply 
yarns. Thus, yarns with a skein breaking strength 
of 140 Ib. can be made with softness values ranging 
from about 20% to more than 55%. 

The regions of best compromise (depending upon 
the ultimate use of the yarn) between strength and 
For 


example, if yarn softness is of prime importance and 


softness are easily detected from the figure. 


strength immaterial, those yarns of low twist multi- 
pliers in both the single and ply yarns are indicated. 
On the other hand, if softness is unimportant and 
strength is the deciding factor; the yarns of lowest 
twist multiplier in the single yarn and comparatively 
high twist multipliers in the ply yarn become the 
choice. In this manner, the best compromise among 
several requirements may be made by the combina- 
tion of contour drawings of all the properties under 
consideration. 

Various combinations of twist multipliers which 
result in balanced yarns are designated in the figure 
by crosses. The balanced yarn (a 4.6s/3.5p con- 
the greatest skein 
strength, somewhat more than 165 lb., would have 


struction) which would have 
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TWIST MULTIPLIER IN PLY YARNS 


Fig. 5. A contour diagram for the intercomparison of 
yarn softness and skein breaking strength as the twist multi- 
pliers vary in both the single and the ply yarns. The crosses 
are the balanced yarns. Solid line: softness of yarn or per- 
cent increase in yarn width under lateral pressure. Dotted 
line: skein breaking strength, Ib. 
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Fig. 6. Contour diagram of yarn diameters as the twist 
multipliers vary in both single and ply yarns. 
are balanced yarns. 


The crosses 
a softness value midway between 35 and 40%. Bal- 
anced yarns of lower strength can be made to have 
either of two softness values, the values becoming 
more divergent as the strength decreases. For ex- 
ample, a balanced yarn with a skein breaking strength 
of 140 Ib. can be made with a softness which approxi- 
or 20%. When the yarn is too 
far removed from a balanced construction, a great 


mates either 50% 


tendency to kink is developed, which makes manipu- 
lation difficult if not impossible. Taking this factor 
into consideration, the best compromise for the at- 
tainment of maximum softness, strength, and ease of 
handling is offered by those yarn constructions within 


the vicinity of the 4.4s/3.4p yarn. 


Original Yarn Diameters 


About 2 


have diameters between 0.32 and 0.28 mm. 


3 of the yarns included in this study 
The 


very loose yarns, i.e., low twists in both single and 
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ply, show greater yarn diameters ranging upward 
to 0.37 mm. The lowest yarn diameters, 0.26 mm., 
were measured on the high ply twist yarns made 
from the low twist single yarns. 

The yarn diameter data were examined in relation 
to the twist multipliers of single and ply yarns. 
Trends were evident, and a contour diagram (Figure 
6) was constructed by treating these data in a man- 
ner similar to that described for the softness data. 

A comparison of this contour diagram with that 
for softness gives some indication of the relative 
coverage which might be expected if the yarns are 
woven into fabrics. The yarns of 0.29-mm. diameter, 
for example, show a range of softness from approxi- 
mately 30% to 45% ; therefore, the softest of these 
yarns should give more coverage than the hardest 
in similarly constructed fabrics. 

Such considerations can be extended to include 
skein breaking strength and yarn balance, keeping 
in mind that both yarn softness and original yarn 
diameter must be considered in predicting the pos- 
sible coverage to be expected in the woven fabric. 
For example, as pointed out previously, balanced 
yarns with a skein breaking strength of 140 Ib. could 
have yarn softness values (increases in yarn width) 
of either 50% or 20%. These two yarns (2.9s/3.4p 
and close to 6.9s/4.4p) show respectively yarn diam- 
eters of slightly more than 0.36 mm. and somewhat 
less than 0.29 mm. Thus, under the conditions of 
the softness measurement, the yarn width of the 
softer yarn is 0.54 mm., or about 55% greater than 
that of the harder yarn (0.35 mm.). If each is 
woven into a similar fabric of a given thread count, 
considerably more coverage would be expected in 
the fabric from the softer yarn, especially in view of 
its greater original diameter, than in the fabric from 
the harder yarn of smaller diameter. 


Summary 


A method is presented for the measurement of 
yarn softness, an important yarn property which 
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has a major effect on such fabric properties as cover- 
age, permeability, drape, luster, and abrasion re- 
sistance. Data obtained on a family of 31/2 (2 x 19 
tex) cotton yarns show the extent of the changes 
in yarn softness and in yarn diameter as the twist 
multiplier varies in either the original single yarn 
or in the ply yarn. The softness data and the yarn 
diameter data have each been combined into a con- 
tour diagram showing the softness or the diameter 
corresponding to any single and ply twist multiplier 
combination over the range studied. 

This type of presentation permits a simple graph- 
ical intercomparison of the changes in yarn softness 
with simultaneous changes in other yarn properties, 
such as breaking strength, yarn diameter, balance, 
or any other property which must be considered in 
the construction of fabrics for specific end uses. By 
way of illustration, softness and strength data have 
been compared in this manner and those yarn con- 
structions noted which are most suitable for given 
sets of softness and strength requirements. A similar 
comparison of softness with yarn diameters indicates 
the coverage which may be anticipated for fabrics 
woven from these yarns. 

The intercomparison of pertinent contour dia- 
grams constitutes a basis for selection of the single 
and ply twist combination which will result in the 
best compromise between those properties known to 
be significant in the construction of improved fabrics. 
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A Method of Measuring Poisson’s Ratio of Fibers’ 
Floyd I. Frank and Arthur L. Ruoff 


Department of Mechanics and Materials, Cornell University, Ithaca, New York 


Abstract 


An apparatus is described whereby Poisson’s ratio may be measured for fibers whose 
diameter is approximately 2504. The apparatus is used in conjunction with an Instron 
Testing Machine so that stress vs. strain measurements can be made at the same time 
Poisson’s ratio vs. strain measurements are made. The measurements 
statically or on fibers undergoing a constant rate of extension. 

Measurements on four different filaments of drawn nylon 66 gave (above 1% strain) 
a constant value of 0.392 + 0.025 for Poisson’s ratio. 


can be made 


(An extension rate of 0.02 in./min. 
and an initial gauge length of about 40 cm. were used.) In general there is an increase 
of Poisson’s ratio starting with about 0.34 at low strains and increasing to a final value 
of 0.392 at about 1% strain. Concurrent with the change in Poisson’s ratio there is a 
change in the tangent modulus of the stress-strain curve. 


Introduction ” 


defined as the lateral strain 


divided by the longitudinal strain 


Poisson’s ratio is 


Ar 
= 
Al 
q 


= 


For the case of large strains it is convenient to 


use the following quantity: 


1 The material discussed herein represents part of the 
contents of the Master’s Thesis of Floyd I. Frank which was 
accepted by Cornell University in partial fulfillment of the 
requirements of the Master’s Degree. 

? Symbols used in introduction: 


radius of fiber (original) 

change in radius of fiber 

length of fiber (original) 

change in length of fiber 

area of fiber at any time 

original area of fiber 

radius of fiber at any time 

length of fiber at any time 

resistance of standard (ohms)—see Figure 1 

resistance of trimmer (ohms)—see Figure 1 

resistance of test arm (ohms)—see Figure 1 

voltage (volts)—see Figure 1 

resistance of an arbitrary length of slide wire 
(ohms)—see Figure 1 

resistance of remaining length of slide wire 
(ohms)—see Figure 1 

resistance of matched 
(ohms)—see Figure 1 

Li length of mercury column (cm.) 

p coefficient of resistivity of mercury (ohm-cm.) 

Am area of mercury (cm.?*) 


A=D,C=D internal resistances 


d (In r/ro) 


4 ~T (in Ue) 


which may be written as 


: 2d (In A/Ay 


alte ‘d (In 1/Io) 


(4) 


Thus the slope of a plot of — 1/2 In A/A, versus In 
1/1, is Poisson’s ratio as defined here. 

To determine the area of the fiber the following 
procedure is used. A fiber is passed through a capil- 
lary which is then filled with mercury. As the fiber 
is stressed, its cross-sectional area decreases while 
the cross-sectional area of the mercury increases. 
The electrical resistance of the mercury capillary de- 
creases in direct proportion to the increase in mer- 
cury cross section. By measuring the electrical re- 
sistance of this column the area of the fiber can be 
calculated. 

The resistance of this capillary is measured by 
using it as one arm of a Wheatstone Bridge (see 
Figure 1). 


The resistance R of the test arm is given by 


BT(D + 8B) 


R= (D + a)(B + T) 
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Knowing the resistance of the test arm and the 
area of the tube, one can calculate the area of the 
test arm by using the equation 


_ pls 
y ae R 


Apparatus and Procedure 

The apparatus consists of a Wheatstone Bridge 
which utilizes two capillary tubes filled with mercury 
as external resistors. Both tubes are fitted with a 
nylon fiber, but only one of the fibers is stressed. 
The other capillary acts as a compensator to elimi- 
nate unbalance in the bridge due to such things as 
temperature and humidity changes (see Figure 2). 

The change in resistance of the test arm of the 
bridge is measured by bringing the bridge to a null 
balance condition through use of a precision slide 
wire. Knowing the change in resistance of the mer- 
cury, the change in area of the fiber can be calculated. 
The rate of traverse of the lower head of the testing 
machine is constant, so knowing the time, the longitu- 
With this information 
Poisson’s ratio can be calculated. 


dinal strain can be calculated. 
The mercury tubes are Marine Bore Tubing as 


Galvanometer 


Standard 


2-1 Yo Vv. 
Batteries 


—— 


Internal 
Resistor 


Internal 
Resistor 


B Slide Wire " 


Fig. 1. Schematic wiring diagram. 
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made by Corning Glass Works. They have an inside 
diameter of about 0.01 in. and are about 12 in. long. 
The exact measurements of all quantities are dis- 
cussed later. Number 3 rubber stoppers are fixed 
at both ends of the mercury tubes. 
of the tubes fit into the upper mercury reservoirs. 


The upper ends 


These reservoirs are made of 1-in. diameter pyrex 
tube and are about } in. long. A #-in. tube is fitted 
to the side of each reservoir to accommodate an elec- 
trical contact. The lower ends of the mercury tubes 
fit into the lower mercury reservoir. This reservoir 
is made of two 1-in. diameter pyrex tubes which are 
closed at the bottom and connected by a @-in. con- 
necting tube. The bottom of each of the 1-in. tubes 
An inlet-outlet tube 
The 


outlet section terminates in a glass stopcock which is 


is fitted with a glass bridge. 
of 2-in. pyrex runs into the connecting tube. 


located directly below the center of the connecting 
The inlet section is bent so as to allow it to 
The inlet 
section ends with a vertical section of tubing which 
To this 


is attached an extension tube which is about 36 in. 


tube. 
stay clear of the Instron Testing Machine. 
is fitted with a female ground glass joint. 
long. The inlet is built in two sections to facilitate 
cleaning. The entire apparatus is made of glass. 

The nylon used is DuPont type 66 drawn mono- 
filament. The test specimen and the standard are 
fitted to glass hooks at one end. This fitting is ac- 
complished by Duco cement and nylon bindings. 
The purpose of these hooks is to engage with the 
glass bridge at the bottom of the lower mercury 
reservoir. Before a test is carried out, the portion 
of the test specimen that will be in the tube is exam- 
ined under a microscope to insure that the vari- 
ations in the diameter of the fiber are less than 2%. 
Also, to insure similarity between the test specimen 
and the standard, the fibers are selected from con- 
secutive lengths of nylon. 

The voltage source for the bridge is a pair of 
14-volt dry cells wired in series. One lead goes from 
the batteries to the vertical inlet tube. Since this 
tube contains mercury and has a large cross-sectional 
area, its resistance is very close to zero. Two identi- 
cal lengths of single strand number 10 copper wire 
lead from the upper mercury reservoir to the bridge 
and slide wire assembly. The resistance of these 
wires is 6 X 10°° ohms, which is very small com- 


The 
entire apparatus is held in an Instron Testing Ma- 


pared to the resistance of the mercury tubes. 


chine by clamps. 
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The bridge and slide wire assembly was provided 
by Professor L. A. Burckmyer of the School of 
Electrical Engineering of Cornell University. The 
two internal resistors of the Wheatstone Bridge are 
wound on the same core to insure that temperature 
changes will not unbalance the circuit. 
wire was hand honed. 


The slide 
The connections provided 
for the wires coming from the mercury reservoirs 
are heavy lugs to reduce contact resistance. The 
slider that moves along the slide wire is provided 
with a button to open or close the circuit easily. 

The load-producing apparatus is an Instron Ten- 
sile Testing Machine [3]. A uniform extension rate 
of 0.02 in./min. was used for all tests described in 
this paper. 

The initial length of the fiber is measured with a 
cathetometer. 

During an experiment the test specimen is clamped 
in the jaws attached to the load-recording mecha- 
nism. The standard specimen is held upright in an- 
other set of jaws. To bring the resistance of the 
standard into the correct range, a decade resistance 
box is used as a trimmer in parallel with the stand- 
ard arm of the bridge. A push button, located on 
the slider, is used to close the circuit intermittently. 
The off-balance condition is detected by a galva- 
nometer of the optical level type. The galvanometer 
has a sensitivity of 0.42 microvolts/mm. at a distance 
of 1 m., a period of 5 sec., and a critical external 
damping resistance of 42 ohms. A reading is taken 
on the slide wire during an experiment and the time 
is noted. The slide is then moved 5 cm. from its 
previous position and the circuit is closed intermit- 
tently until it is apparent that the bridge is nearly 
in balance. Then the circuit is held closed until the 
balance point is reached. The reason for not using 
a continuously closed circuit is to eliminate as far 
as possible any heating effects caused by current 
flowing through the mercury. This heating could 
possibly cause some difficulty if not controlled, since 
the resistances of the mercury tubes are only ap- 
proximately equal. 

In order to reduce contact resistances to a point 
where they may be disregarded, the leads that lead 
from the upper mercury reservoir to the bridge as- 
sembly are amalgamated by keeping them in mercury 
at all times [4]. 
being carried out. 


This is done even when no test is 


After two or three tests, the apparatus is taken 
apart and cleaned in 30% fuming sulfuric acid and 


ste Wheatstone Bridge Dean 2 


| To 2-\%eV. 
Batteries 





Outlet 


Fig. 2. Test apparatus. 


then thoroughly washed in distilled water and dried 
in an oven. The mercury is also distilled at this 
time. A Fisher mercury distillation apparatus is 
used. 

inside diameter of the 
capillary tubing, each tube is filled with mercury 
and then sealed with Duco cement. 


To determine the actual 


The mercury 
column is allowed to come to equilibrium and then 
the length of the mercury column is measured with 
a cathetometer. A thermometer is hung next to the 
filled capillary to record the temperature. The ce- 
ment seals are broken and the mercury is allowed to 
fall into a clean piece of paper. 
weighed. 


The mercury is 
Knowing the density, temperature, length, 
and weight of the mercury it is possible to calculate 
the diameter of the tube. 

In order to determine if the tubing is actually cir- 
cular in cross section, a piece of the tubing is cut off 
and examined under the microscope. 
from a circle was found. 


No deviation 


Several tubes were examined to determine the uni- 
formity of the bore. This is done by introducing a 


small amount of mercury into a tube and measuring 





o 
) 


REAL LATERAL STRAIN ¢/2 tn Mag) 
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0.03 0.04 0.06 


Fig. 3. Plot of real lateral strain versus real longitudinal 


strain. The slope of this curve is Poisson’s ratio. 


its length ten times. The mercury is then moved to 
a new position and its length is measured ten more 
times. This procedure is repeated until ten different 
locations are examined. It is found that in no in- 
stance did the diameter of the tube vary by more 
than 2% from the mean. The 
weighed. 


mercury is then 


Error Analysis 


As is clear from the preceding discussion, several 
measured quantities enter into the final calculation 
of Poisson’s ratio. It was realized at the start that 
each individual measurement had to be made with 
the utmost care to achieve sufficient accuracy. It 
can now be said (after the experimental data were 
obtained) that the experimental error falls within 
the maximum error obtained by this analysis. 

When measuring Poisson’s ratio the first meas- 
ured quantity is the area of the capillary bore; de- 
tails of this measurement were described previously. 
Next the diameter of the fiber is measured micro- 
scopically and the fiber area is calculated. From 
the fiber area, tube area, and tube length, the re- 
sistance of the standard arm of the bridge can be 
calculated. It is then possible to calculate the re- 
sistance of the test arm at any time; thus the area 
of the fiber can be calculated. The longitudinal strain 
is calculated by measuring the initial length of the 
fiber and the change in length. The changes in 
length are calculated from the known strain rate and 
the time measurements. 

In the analysis of errors in the measurement of 
Poisson’s ratio it was assumed (with justification) 
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TABLE I. Poisson’s Ratio for Four Fibers 


Poisson's ratio Error from 


Experiment (above 1% strain) 


A 0.415 
B 0.398 
Cc 0.373 
D 0.383 


average = 0.392 average 


that all errors are small. With this assumption dif- 
ferentials can be used, leading to only small errors. 

Rather than include this extremely involved calcu- 
lation, which is available elsewhere [2], a list giving 
the quantities and the errors in these quantities is 
given below.’ The results of this error analysis gives 
as a maximum expected error for Poisson’s ratio a 
value of 6.6% on the assumption that the data of 


Equation 4 lead to a straight line. 


Experimental Results 

Figure 3 shows the results of a typical experiment 
for which a Poisson’s ratio of 0.383 was obtained 
(above 1% strain). The results of four experi- 
ments including the error from the mean are given 
in Table I; the stress-strain curve corresponding to 
the fiber mentioned above is shown in Figure 4. As 
was mentioned earlier, below 1% strain Poisson’s 


ratio is not constant. This variation is shown in 


Figure 5 for the same fiber. It is seen that the ini- 


’Symbols and values used in error analysis—differentials 
are used for the error terms. 


I; tube length 
D, density of mercury 


30.476cm. dL, = 0.002 cm. 
13.546 g./cm.? 

dD, = 0.003 g./cm.* 

509.0 X 10~* cm.? 

dA, = 0.6 X 10-* cm.? 
0.0121 cm. ddy = 0.0002 cm. 


A; area of capillary tube 


d, fiber diameter from micro- 
scope measurements 

T resistance of trimmer 300.0 ohms at beginning of 
test 

200.0 ohms at end of test 

dT = 0.3 ohms (beginning) 

dT = 0.20 ohms (end) 

98.75 ohms dD = 0.01 ohms 

0.1240 ohms da = 0.0002 
ohms 

0.1240 ohms ds = 0.0002 
ohms 

95.8 X 10-* ohms/cm. 

dp = 0.2 X 10-* ohms-cm. 

39.067 cm. dLo = 0.002 cm. 


internal resistances 

resistance of a section of 
slide wire 

resistance of remaining 
section of slide wire 

coefficient of resistivity of 
mercury 

fiber length at beginning 
of run 


fiber length at end of run 4.712cm. dL, = 0.002 cm. 
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Fig. 4. 


Nominal stress vs. real strain at constant 
extension rate. 


tial value is about 0.34 and that this increases to 
the final value at about 1% As is seen from 


Figure 4, the tangent modulus of the stress—strain 


strain. 


curve also varies below 1% and is nearly constant 


1%. 


above 


Summary and Conclusions 


The theoretical study of the viscoelastic properties 


of fibers would be greatly aided by having available 
accurate measurements of cross-sectional areas versus 
strain as well as stress versus strain data. 

The authors’ experimental method makes such 
accurate measurements possible. In some ways it 
is not a simple procedure and the equipment needed 
is expensive. On the other hand, these disadvantages 
(if they be such) are compensated by quite accurate 


measurements of should be 


Poisson’s ratio. It 
pointed out that even equilibrium measurements of 
Poisson’s ratio can be a tedious task by other methods 


1}. 


both for equilibrium measurements and for measure- 


The method as described herein can be used 


ments up to strain rates of about .004 in./min. 


8 
B 


REAL LATERAL STRAIN (-Y2 tnYAo) 
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. 5. Plot of 4 In A/Ao vs L/L for small real strains. 
The slope of this curve is Poisson’s ratio. 
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Microscopic Studies on the Structure and 
Composition of Keratin Fibers’ 


J. Menkart and A. B. Coe 


Textile Research Institute, Princeton, New Jersey 


Abstract 


The distribution of cystine sulfur in the cortex of various animal fibers has been 


investigated by the staining of cross sections with mercury vapor. 


The receptivity to 


dyes of various portions of the cortex has been found to be inversely related to their 


sulfur content. 


After oxidation with peracetic acid or bromine, the cystine-rich portion of the 
cortex in bilateral fibers (the paracortex) swells more in aqueous solutions than the 


orthocortex. 


Fibers so oxidized swell greatly in dilute, neutral or alkaline, solutions 


of strong electrolytes; the swelling is repressed at higher salt concentrations. 





Introduction 


Differences in structure and composition among 
the morphological components of a keratin fiber, and 
from one fiber to another, are at present receiving 
considerable attention. Interest has been focused on 


the subject by Speakman’s observation of the wide 
differences in visco-elastic properties between the 
fibers grown by the primary and secondary follicles 


of a sheep [3], which appear to be associated with 
variations in water swelling, in accessibilty to D,O, 
and in tyrosine content [16]; and by Horio and 
Kondo’s discovery of the “bilateral” nature of the 
cortex of fine crimped wool fibers [15]. 

Many data have been accumulated on the relative 
response of the two components of the bilateral 
cortex to various chemical treatments [8, 9, 12, 18, 
19], although sometimes it has been difficult to 
determine the identity of the portions in a particular 
situation; a great deal has been learned concerning 
the general character of the cortex of crimpless fiber 
types [1, 6, 11, 31]. Precise information on the 
structure and composition of the individual compo- 
nents of the cortex is, however, still lacking. The 
components can be separated from each other and 
from the other constituents of the fiber only by meth- 
ods involving chemical or enzymatic action, and hence 
are not available for study in isolation in the intact 
form. 

The necessity for separating the fiber components 


1 Paper presented at the Joint Conference of the Fiber 
Society and the Textile Institute, Boston, Massachusetts, 
September 6, 1957. 


does not arise in the study of cross sections. If the 
sections are anchored to the slide, it is possible to 
follow the progress of a reaction within a fiber over 
an extended period of time. Furthermore, it is 
possible, by using serial sections of the same group 
of fibers [5], to investigate the response of the 
various components of one fiber to different treat- 
ments. The use of cross sections has another ad- 
vantage, namely that the cortex is directly exposed 
to the reagents applied, and its behavior is hence 
uncomplicated by problems of diffusion through the 
cuticle. The technique is, of course, capable of yield- 
ing only qualitative information. 

The experimental work described below has uti- 
lized the serial section procedure, and covers three 
fields: (a) the dyeing behavior of the cortex of 
crimped, bilateral fibers; (b) the distribution of 
cystine sulfur in the cortex of several types of keratin 
fibers and its relation to the dyeing behavior; and 
(c) the dyeing and swelling behavior of bilateral 
fibers oxidized by peracetic acid or aqueous bromine. 


Preparation of Sections 


Parallel arrays of 20-30 fibers were embedded in 
a medium consisting of three parts of butyl meth- 
acrylate and one part of ethyl methacrylate, contain- 
ing 1% benzoyl peroxide; the methacrylate was 
polymerized by overnight heating to 50° C. Sections 
4—5u thick were cut with a glass knife on a Spencer 
sliding microtome, flattened on alcohol, and attached 
to glass slides by means of partially hydrolyzed 
starch [14]. The slide was heated to 50° C. for 
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30 min. to harden the starch; the methacrylate was 


then removed by Soxhlet extraction with methylene 


chloride or chloroform. The fibers were thus glued 
to the slide at their base, but otherwise exposed. 
The bond between fiber and slide proved surprisingly 
firm, and, as will be seen from some of the examples 
given below, capable of withstanding quite severe 
maltreatment. 


Dyeing Behavior of the Bilateral Cortex 


The differential response of the components of the 
bilateral cortex towards certain dyes has been one of 
the principal means of investigating their properties 
(3, °S, 2%, U2, Yj. 


question whether the differentiation observed is a 


In spite of this, the important 


rate or an equilibrium effect, has not, to our knowl- 
edge, been investigated. The emphasis laid on the 
exact time, temperature, pH, and dye concentration 
in the experiments described in the literature sug- 
gests that a rate effect is involved. 

Our observations indicate that the differential dye- 
When we follow 
the progress of the dyeing of Merino wool sections 


ing is still evident at equilibrium. 


with Methylene Blue (C.I. Basic Blue 9) at room 


Fig. 1. 


b 
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temperature under the microscope, we find the dye- 
ing to be visually complete in about 10 min.; a 
further 7 days in contact with the dye solution causes 
no detectable change in the intensity of the dyeing. 
When a similar experiment is performed at 80° C., 
and the slide periodically withdrawn from the dye 
solution and examined, the dyeing is found to be 
Similar results 
Methylene Blue at other pH 
values, with Janus Green B, Violamine R (C.I. Acid 
Violet 9), Formyl Violet S4B (C. I. Acid Violet 17), 
and Indocyanine B (C. I. Acid Blue 98).? 
Assuming a diffusion coefficient of 10-*° cm.*/sec., 


visually complete in less than 3 min. 


are obtained with 


it can be shown that diffusion through a slab 4—-5« 
thick will be essentially complete in a matter of 
of 


the dyes concerned is several orders of magnitude 


minutes. Thus, unless the diffusion coefficient 
lower in the paracortex than in the orthocortex, it 
is evident that the bilateral effect is an equilibrium 
one. 


The differential dyeing is independent of the 


2In all these experiments, about 0.1 ug. of fiber was dyed 


in 0.1 ml. or more of solution, i-e., the liquor-to-fiber ratio 
was practically infinite. 


c 


Serial sections of Merino wool fibers dyed at room temperature for 16 hr. in buffered solutions of Methylene Blue 
(0.04 g./l.) at pH (a) 68, (b) 9.2, and (c) 10.2. 


(X 330.) 





Fig. 2. Hardy section of Merino fibers treated with lead 
acetate at pH 8 [27]. (x 620.) 


dyebath pH; Figure 1 shows 
of Merino fibers, dyed for 16 hr. at room temperature 
with Methylene Blue (0.04 g./l.) and buffered to 
pH 6.8, 9.2, and 10.2 with 0.05 M phosphate, borate, 
and carbonate respectively. 


three serial sections 


Similar observations 
have been made with acid dyes Violamine R and 
Formyl Violet 54B, dyed for 30 min. at 80° C. over 
the pH range 1.5-6.8; comparisons in matching 
sections dyed with Methylene Blue have shown that 
the preferential site for the acid dyes is the same as 
that for the basic dyes, namely the orthocortex. 
Such behavior was observed by Dusenbury and Coe 
[5] for Formyl Violet S4B dyed at pH 7, but the 
observation has been criticized [21] on the grounds 
that at pH 7 Formyl Violet may act as a basic dye. 
The present experiments are not open to this criti- 
cism, and provide support for Dusenbury and Coe’s 
conclusions. 


Distribution of Sulfur in the Cortex 

In view of the considerable differences in reactivity 
between the two parts of the bilateral cortex, their 
relative cystine content is of obvious interest. There 
is a considerable amount of indirect evidence, based 
on analyses of material liberated from the fibers 
enzymatically [13], or chemically [10, 29, 30], or on 
analogy with other keratin fibers [6, 7], suggesting 
that the more chemically resistant paracortex is 
richer in cystine than the orthocortex. On the other 
hand, Ryder [24] has attempted an im situ deter- 
mination by radioautographing sections of bilateral 
fibers from a sheep fed on a diet supplemented with 
S**-labelled cystine, and was unable to detect any 
gradation in the density of the image within the 
cortex. In view of the limited resolution attainable 
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by this technique, the negative evidence cannot be 
regarded as conclusive. . 

It was therefore decided to re-examine the distri- 
bution of cystine within the cortex by cross section 
staining. Sulfur was chosen as the staining agent 
because of the precipitation of colored sulfides which 
occurs when the disulfide bond is hydrolyzed in the 


presence of suitable metals or metal compounds [25]. 


This technique has been shown to be feasible by 


Mercer, Golden, and Jeffries [20], who reported 
differential darkening of the cortex in sections of 
Merino wool fibers previously treated with sodium 
plumbite. 

The first lead acetate. 
When Merino fibers are treated in bulk with lead 
acetate solution at pH &, using the procedure of 


reagent examined was 


Smith and Harris [27], a differential staining is 


observed on 2 


(Figure 2). 
However, all attempts to reproduce this effect by 


subsequent sectioning 


No colora- 
tion at all could be obtained, and it seemed likely 


treatment of sections were unsuccessful. 


that the precipitate was rinsed away from the sec- 
tions as rapidly as it was formed. 

The possibility of precipitate removal can be obvi- 
ated by using mercury vapor [28] as the staining 
agent. This treatment has, in fact, been employed 
by Rudall some time ago to investigate the distribu- 
tion of sulfur in keratin fibers [23]. He demon- 
strated differences in the sulfur content of the cuticle, 


medulla, and cortex of Kolinsky fur fibers, but did 


a b 


Fig. 3. Serial sections of a Merino fiber: (a) exposed to 
mercury vapor, (b) dyed with Methylene Blue. (X 620.) 
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not apply the method to any material with a bilateral 
cortex. 


Plate IA is a micrograph of sections of Merino 
wool which have been exposed to mercury and water 
vapor at 75° C. (Increased time of ex- 
posure results in no further darkening. ) 


for 36 hr. 
An adja- 
cent section dyed with Methylene Blue is shown in 
Plate IB. 
duced at higher magnification in Figure 3. 


A pair of single fiber sections is repro- 
Compari- 
son of the serial sections shows clearly that the part 


of the cortex more heavily stained by mercury is 


that which is more lightly dyed with Methylene Blue, 
i.e., the paracortex. 

In order to determine whether the depth of stain- 
ing is in fact related to the amount of cystine sulfur 
in the keratin, two fibers differing widely in their 


cystine content were treated simultaneously. Sam- 
ples of human hair and kid mohair were used for 


this purpose; their cystine contents were 17% and 


Fig. 4. 
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9% respectively, compared with 12% for the Merino 
wool. The result of exposure to mercury vapor is 
shown in Plate IC. The finer, round naohair fibers 
are much less heavily stained than the human hair. 
The heavier staining of the cuticle, noted by Rudall 
[23], is evident in both fibers, but particularly in the 
human hair with its thick scale layer. Matching 
sections dyed with Indocyanine B and with Meth- 
ylene Blue are shown in Plates ID and IE. An 
inverse relationship between the extent of dyeing and 
the intensity of mercury staining holds not only 
within fibers, but also from one fiber to another.* 


} Another illustration of this point, within one fiber type, 
has been observed in the case of sections of Mongolian cash- 
mere (a bilateral fiber), and more rarely in Merino wool; 
occasional fibers are much more heavily dyed and much more 
lightly stained by mercury than the mode (though still 
bilateral). The obverse (i.e., fibers lightly dyed and heavily 
stained by mercury) has not been noted either in cashmere 
or in wool. 


Fibers pretreated for 2 hr. 


with boiling 0.04 N sulfuric acid, after 


y 


30 min. immersion in 2% sodium hydrox- 


ide at room temperature. 


Top row, be- 


tween crossed Nichols after 12 min. in 
the alkali; middle row, after 30 min.; 
bottom row, ordinary light, after 30 min. 


(Xx 68.) 
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The heavy staining of the cuticle by basic dyes forms 
an exception to this rule. 

The two parts of a bilateral cortex differ markedly 
in their susceptibility to hydrolytic degradation. The 
effect is seen clearly when the response of the fibers 
to strong alkali is examined microscopically; the 
differentiation can be enhanced by treatment with 
acid prior to the exposure to alkali [8]. The Merino 
fibers in Figure 4a were treated for 2 hr. with 100 
vol. of boiling 0.04 N sulfuric acid, rinsed and dried, 
and immersed in 2% sodium hydroxide solution at 
room temperature ; the photographs were taken after 
12 and 30 min. in the alkali. The paracortex retains 
its birefringence much longer and remains relatively 
unswollen, whereas the orthocortex becomes com- 
pletely nonbirefringent and very highly swollen after 
a very short time in the alkali.* 

Similarly treated kid mohair fibers swell greatly 
(ca. 500% in diameter), with almost complete loss 
of birefringence (Figure 4b) ; in contrast, the human 
hair remains practically unswollen and birefringent 
(Figure 4c). Observations such as this have led 
to the suggestion that the cortex of human hair may 
be regarded as being of the para and that of kid 
mohair as the ortho type [6, 7]. Further support 
of this hypothesis is supplied by the fact that simul- 
taneous dyeing of sections of these two fibers with 
Janus Green B [4], Methylene Blue (Plate IE), 
or Indocyanine B (Plate ID) indicates a greater 
dye uptake in the mohair. 

However, for mohair this hypothesis is clearly an 
oversimplification; Fraser and MacRae [11] have 
observed a radial differentiation in the cortex of 


mohair fibers dyed with Methylene Blue—a_ thin 


outer ring of lightly-stained material surrounding a 


darker core. The effect is evident in our sections 
with both dyes (Plates ID and IE) and is reproduced 
The 


intensity of the differentiation is much smaller than 


in reverse in the mercury staining (Plate IC). 


that between the two portions of a Merino cortex, 
and the concept of kid mohair as “an orthocortex 
Neither 
the mercury staining nor the dye uptake of the 


fiber” remains a reasonable approximation. 


4 As Figure 4a indicates, the curvature of the fibers usually 
reverses during an experiment of this type. The curling 
which occurs on contact with the alkali places the ortho- 
cortex on the concave side of the curve; after 15-20 min., 
an inversion takes place. Such effects occur consistently 
only when short fiber fragments are used and external 
constraint is absent. 
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hair cortex indicates 


across the section. 


human any inhomogeneity 

The structure of the cortex of two other fiber types 
has been investigated by these methods. These were 
a crimpless Merino, resulting from a mutation, with 
fibers similar in diameter (224) and cystine content 
(12%) to the normal Merino dealt with above ; and 
a B.A. fleece wool [6] composed of fibers with a 
gross wave rather than a crimp configuration, about 
40. mean diameter and a cystine content of 12%. 

The crimpless Merino, immersed in alkali after 
treatment with acid, behaves very similarly to the 
human hair, swelling and curling being absent and 
birefringence remaining for a long time (Figure 
4d).° Sections stained with mercury (Plate IF) 
or dyed with Methylene Blue (Plate IG) show radial 
differentiation in the cortex. The degree of differ- 
entiation is much greater and the ring of cystine-rich 
material represents a larger fraction of the cortex 
in most of the fibers than in the kid mohair. The 
mercury staining reveals, in addition, a thin band 
of substance poor in cystine immediately below the 
cuticle (masked in the Methylene Blue dyeing by 
being merged with the dye-receptive scale layer). 
The dyeing behavior observed here is in accord with 
that reported by Fraser and MacRae [11] for this 
material. 

The ring of cystine-rich, para-type material is 
clearly responsible for the apparent resistance of the 
fibers to acid and alkali, indicated in Figure 44d. 
This ring prevents the swelling of the fiber as a 
whole and gives it some of the characteristics of an 
all-para fiber. 

When the B.A. fleece wool fibers are immersed 
in alkali after treatment with acid, they swell, al- 
though not as intensely as the kid mohair; some 
elements, possibly individual cortical cells, retain 
their birefringence (Figure 4e). The exact geo- 
metric arrangement of the resistant and nonresistant 
portions is not readily evident, but in most cases the 
resistant element seems more prevalent on one side 
of the fiber, giving rise to a slight bilateralism. 

The cross sections of these fibers stained with 
mercury and dyed with Methylene Blue (Plates IH 
and IJ) show two distinct levels of intensity of re- 
action with both agents in the cortex. There is an 
outer cystine-rich, lighter-dyeing portion, which does 
not, in most of the fibers, form a complete, sym- 

5 A small minority of the fibers gives indications of bilateral 
structure. 





Marcu 1958 

metrical ring, but is usually present in excess on 
one side of the fibers; the boundary between the two 
regions is not clear-cut, considerable interpenetration 
of the two being evident. In the light of these 
observations, the behavior of the fibers in the swell- 
ing experiments (Figure 4e) is readily explicable. 
The cortical structure of these fibers is very similar 
to that observed by Fraser and Rogers [12] by Meth- 
ylene Blue staining in Lincoln wool. This configura- 
tion may therefore well be typical of the coarser, 
wavy wool types. 


Swelling and Dyeing Behavior of 
Oxidized Fibers 


Two sets of observations have been reported which 
suggest that severe oxidation has a greater effect on 
the properties of the paracortex than on those of the 
orthocortex. Leveau et al. [18] have noted that the 
paracortex of fibers oxidized with bromine swells 
more than the orthocortex ; Fraser and Rogers [12] 
have found that treatment with peracetic acid results 
in a reversal of the relative uptake of Methylene Blue 
by the two portions of the bilateral cortex, the para- 
cortex now having the greater uptake. These two 
studies thus contradict the view, supported by many 
other observations, that the paracortex is the com- 
ponent less susceptible to modification. Conse- 
quently, it seemed desirable to reinvestigate the effect 
of oxidation on the cortex by means of serial 
anchored cross. sections, where the components can 
be unambiguously identified. 

Two oxidizing agents, peracetic acid and aqueous 
bromine, were used in the work summarized here; 
they were found to have the same effect, qualita- 
tively, on the swelling and dyeing phenomena in- 
vestigated. 

Our observations confirm Leveau’s report [18] 
that the paracortex of oxidized sections swells more 
than the orthocortex. This may be seen in the first 
three sections of Merino fibers in Figure 5. Section 
5a is a control dyed with Methylene Blue to indicate 
the position of the cortex components ; 5b is a control 
in water, and 5c is a section oxidized with peracetic 
acid (1.6% solution, 2 hr. at room temperature), 


also in water. Not only has the paracortex swollen 


more than the orthocortex, but the cuticle is greatly 
enlarged (and has become birefringent under the 


strain imposed on it). Thus, the swelling of the 
various components of the oxidized fibers appears 


to be related to the amount of cystine present. 


Fig. 5. Serial sections of Merino fibers. Section (a) is 
dyed with Methylene Blue and mounted in polystyrene; the 
others are in aqueous solutions of sodium chloride of the 
indicated concentrations. Oxidizing agent: peracetic acid. 


(x 100.) 


Attempts to determine by the same _ technique 
whether than 


mohair were unsuccessful, because the large human 


oxidized human hair swells more 
hair fibers were either lost or badly distorted when 
the sections were immersed in water. 

An unexpected finding is indicated in the four 
photographs which represent oxidized serial sections 
in solutions of sodium chloride at increasing con- 
centration (Figure 5d-g). There is a large increase 
in cross-sectional area over the water-swollen state 
in «dilute salt solutions, the effect being reversed 
at higher concentrations. Other experiments have 
yielded the following information concerning this 
phenomenon : 

1. it is reversible ; 

2. it occurs with all the strong electrolyte salts 
examined (NaCl, KCl, NaBr, NaNO,) at pH values 
from about 5 upwards;. 

3. it is not peculiar to cross sections ; semiquantita- 
tive experiments on whole fibers revealed the same 
behavior and showed that the diameter swelling is 
accompanied by little or no length change ; and 

4. oxidation, not merely removal of the covalent 
cross-linkages, is essential; cross sections prepared 
from fibers which had their cystine linkages broken 
by successive reductions and methylations [22] do 
not swell in dilute electrolyte solutions. 

In agreement with Fraser and Rogers [12], we 
find that oxidation by peracetic acid (1.6% solution, 
2 hr. at room temperature) increases the uptake of 
Methylene Blue by wool fiber sections, the para- 


cortex being dyed more heavily than the orthocortex 

® The fiber in Figure 5, in 5 M NaCl, is not in the equi- 
librium state; it is smaller than the water-swollen form, and 
results in a distortion of the fibers, making them difficult 
to photograph. 
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(Figure 6b); aqueous bromine (saturated solution, 
1 min. at room temperature) has the same effect 
(Figure 6c). The dyeing is metachromatic, the 
color of the paracortex being purplish and that of 
the orthocortex the usual blue [12]; in addition, 
after short exposures to the dye solution {1-2 min.), 
the dye on the paracortex can be readily rinsed away, 
resulting in sections with a heavily dyed orthocortex 
Under suit- 
able conditions of rinsing, it is even possible for the 


and an undyed paracortex (Figure 7). 


removal of the dye from the paracortex to be fol- 


a b c 


Fig. 6. Serial sections of a Merino fiber: (a) control, 
(b) treated with peracetic acid, (c) treated with bromine. 
All dyed with Methylene Blue under the conditions of Fig- 
ure la. (X 330.) 


a b 


Fig. 7. Serial sections of a Merino fiber: (a) control, 
(b) treated with bromine. Dyed with Methylene Blue for 
1 min., rinsed, and immediately dried. The dye on the para- 
cortex of the oxidized section has been removed. (X 330.) 
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lowed by redeposition, the final distribution of the 
dye then being similar to that obtaining prior to the 
rinsing. 

The oxidation has no such radical effect on the 
behavior of the cortex towards acid dyes; as shown 
by the serial sections of Figure 8, dyed with Formy] 
Violet S4B at room temperature, the uptake of dye 
is considerably increased, but the orthocortex re- 
mains the preferred locus. 

The difference in the properties of the two parts 
of the oxidized cortex can be strikingly demonstrated 
by dyeing a specimen successively with both types of 
dyes. The bromine-treated cross section in Plate IK 
shows the two-color effect obtained by dyeing first 
with Methylene Blue and then with Violamine R. 

One of the oxidizing agents used in the above 
experiments, peracetic acid, reacts only with cystine, 
methionine, and tryptophan among the amino acids 
present in the keratin [2]. Hence, it is reasonable 
to ascribe the phenomena observed in oxidized fibers 
to the oxidation of cystine, which is the most abun- 
dant of the three in keratin and the only one known 
Both the 


greater swelling of the paracortex and the meta- 


to form ionizable products on oxidation. 


chromatic nature of the dyeing with Methylene Blue 
indicate that the paracortex has undergone a more 
radical change than the orthocortex; this appears 
reasonable in the light of its greater cystine content. 


a b 


Fig. 8. Serial sections of Merino fibers: (a) control, 
(b) treated with peracetic acid. Dyed at room temperature 
for 16 hr. with a saturated solution of Formyl Violet S4B 
buffered to pH 4. (X 330.) 
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On the basis of present evidence, it is not possible 
to specify the course and products of the oxidation 
reaction. The intra-chain sulfonamide proposed by 
Alexander [2] as the product of oxidation cannot 
account for the observations. The swelling behavior 
in electrolyte solutions could be ascribed to the 
presence of a new ionic group, which is the anion 
of a weak acid, in the oxidized keratin. If this group 
is essentially undissociated in water, but becomes 
ionized in the presence of cations other than the 
hydrogen ion, then a charged network, tending to 
swell, will be formed in the presence of electrolytes 
in neutral and alkaline solutions. At higher elec- 
trolyte concentrations, the swelling will be repressed 
by the shielding of the charges, or possibly by a 
process analogous to the salting out of soluble pro- 
teins or amino acids. 

On the other hand, oxidized keratin is dyed by 
Methylene Blue at pH values as low as 2.5, and, 
as Fraser and Rogers [12] have pointed out, this 
suggests that a strongly acidic group, such as a 
sulfonic group, is present. This should, however, 
result in no increase, and possibly in a decrease, in 
the uptake of acid dyes at pH 4; the increase which 
actually occurs must then be postulated to result 
from the opening up of the structure and the conse- 
quent availability of hitherto inaccessible sites, which 
is overwhelming the ionic effects. 

Although it is necessary to postulate two products 
of the oxidation reaction to satisfy the observations, 
there is no contradiction, as the two possibrtlities are 
not mutually exclusive. While no complete explana- 
tion covering all the effects is available, it seems 


desirable to report the data at this time, if only as 


an illustration of the potentialities of anchored serial 
cross sections in the qualitative study of keratin fiber 
reactions. 


Summary 


Fiber cross sections anchored to the slide have 
been used to study the structure and reactivity of 
the keratin fiber cortex. 

The differential dyeing which occurs with selected 
dyes on animal fibers with a bilateral cortex has 
been shown to be an equilibrium effect. By com- 
paring sections stained by means of mercury vapor 
with serial sections of the same fibers dyed with 
suitable dyes, it has been demonstrated that the dye 
uptake of various portions of the cortex is inversely 
related to the amount of cystine sulfur present. It 
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has been shown that, in bilateral fibers, the para- 
cortex is richer in cystine than the orthocortex ; 
previous observations [6, 7, 11] on the cortical struc- 
ture of kid mohair, human hair, and crimpless 
Merino wool have been confirmed ; it has been found 
that B.A. fleece wool, like the Lincoln wool studied 
by Fraser and Rogers [12], has two components in 
the cortex, distributed essentially radially, but with 
imperfect symmetry. 

Oxidation by peracetic acid or bromine results in 
fibers, the 
oxidized paracortex swells more than the ortho- 
cortex, in {18}. 
The swelling is greatly increased in neutral and 
alkaline dilute electrolyte solutions. 

The oxidized fibers have a greatly increased af- 


increased water swelling. In bilateral 


accordance with Leveau’s report 


finity for basic dyes, and the relative uptake of dye 
by the two parts of the cortex is reversed from the 
normal state, as noted by Fraser and Rogers [12]. 
The uptake of acid dyes is also increased by oxida- 
tion, but in this case the orthocortex remains the 
preferred dyeing locus. 

The swelling behavior of oxidized fibers could be 
ascribed to the presence of a bound anion of a weak 
acid; on the other hand, the dyeing properties indi- 
cate the formation of a strong acid, most likely a 
sulfonic group. Possibly several reaction products 
are contributing to the observed phenomena. 
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Plate I 
Merino wool fibers 
A. Exposed to mercury and water vapor 
B. Dyed with Methylene Blue 
Human hair and kid mohair fibers 
C. Exposed to mercury and water vapor 
D. Dyed with Indocyanine B 
E. Dyed with Methylene Blue 
Crimpless Merino wool fibers 
F. Exposed to mercury and water vapor 
G. Dyed with Methylene Blue 
B.A. Fleece wool fibers 
H. Exposed to mercury and water vapor 
J. Dyed with Methylene Blue 
Merino wool fibers 
K. Treated with aqueous bromine and then 
dyed successively with Methylene Blue at 
pH 6.8 and Violamine R at pH 4.0 
(All the cross sections are at X 240 
magnification. ) 
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Versatile Cotton in High Style Finishing 


Georg Heberlein' and Ernst Weiss 
Heberlein & Co., A.G., Wattwil, Switzerland 


Abstract 


Methods used in actual plant operations for finishing of cotton goods for special 


fashion effects are surveyed. 


It is pointed out that by combining two or more treatments 
an unlimited number of fashion effects can be obtained. 


fabrics produced in such a manner are discussed and illustrated. 
to a greater number of finishing methods than any other fiber. 


Many concrete examples of 
Cotton lends itself 
This point is emphasized, 


and the versatility of cotton is demonstrated by a diversity of high grade finishes on 


fabrics. 


Ir IS not the purpose of this paper to discuss new 
developments, but rather to survey the many methods 
in practical use, as well as to show some possibilities 
specifically for the creation of fashion effects on 
cotton yarns and fabrics. 

More and more opportunities are open to the high 
grade finisher through the accomplishments of basic 
research, particularly in cellulose chemistry. Some 
of the most important and brilliant achievements of 
the recent years have undoubtedly been accomplished 
by American scientists; their contributions to the 
vast field of cellulose chemistry cannot be over- 
estimated by those devoted to the finishing of cotton 
goods. 


1 Presented at the Sixth Chemical Finishing Conference, 
National Cotton Council, Washington, D. C., October 3, 
1957. 


Plates 


<< 


1. 
2. 
3. 
4. 
5. 


Color printed organdy 
Hepola ® iridescent flockprint on organdy 
Crepe Ondor® THN cotton muslin 
Crepe Ondor® RHM cotton muslin 
Crepe Ondor ® handkerchiefs 

6. Everglaze embossed effects besides regu- 
lar printing 

7. Hetex ® all cotton marquisette with burnt- 
out effects and color printing 

8. Hetex® pigment print besides colored 
burnt-out effects—soft organdy finish—all cot- 
ton fabric 

Hepola, Crepe Ondor, and Hetex are trade- 
marks of Heberlein & Co., AG., Wattwil, Switz- 
erland; Everglaze is the trademark of Joseph 
Bancroft & Sons Co., Wilmington, Delaware. 





The most recent research trends point towards 
creating “functional qualities” in cotton goods; i.e., 
improving launderability, soil resistance, durability, 
thermal insulation properties, and flame resistance. 
There is little doubt that our modern way of life 
strongly demands textile materials of this kind. In 
many cases it may nowadays be considered an ab- 
solute necessity to impart such properties to cotton. 
Quite a few of the new fibers and fabrics made of 
such fibers have excellent washing and minimum 
care properties, but at the same time show a number 
of shortcomings, such as lack of absorbency, dead 
luster, and unpleasant hand. Thus one of the most 
important tasks of modern research is to impart the 
good qualities of the synthetic fibers without sacri- 
ficing cotton’s valuable natural properties. In this 
connection it is worthy of notice that, particularly in 
the USA, considerable success already has been 
achieved in this field. However, besides the great 
usefulness of the functional qualities, the very im- 
portant part played by the aesthetic properties such 
as luster, sheerness, texture, pattern effects, or, 
generally speaking, eye appeal, must not be under- 
rated. These aesthetic values have their specific 
bearing on that large segment of the textile industry 
which produces fashionable wearing apparel, and for 
this end use cotton is singularly suited. 

The chemical reactivity of cotton cellulose and the 
many different types of structural and optical changes 
brought about by the action of swelling agents lead 
to a large variety of effects on cotton goods. These 
treatments may produce unique effects or may render 
cotton similar in appearance to silk, wool, or linen. 
At the same time, however, the proven qualities of 
the original textile material are not lost. 
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Some of the examples of high grade finishing 
which are to be demonstrated and discussed are, 
admittedly, somewhat out of date. Nevertheless, we 
are convinced that among them are quite a few whose 
potential value in a commercial sense has not been 
fully utilized as yet. It is the purpose of this paper 
to demonstrate the extreme diversity attainable in 
high grade finishing of cotton fabrics, to show how 
successful basic and applied research has been in this 
field, and to stimulate those interested in cotton to 
create new finishes or revive old ones by application 
of the more recent developments. A synthesis of the 
various high style effects with today’s minimum care 
finishes, for instance, will enable cotton to play a 
dominant part in the field of fashion for a long time 
to come. The blending of cotton with synthetic 
fibers, which in due course will even further enlarge 
the number of opportunities in both high style finish- 
ing and in what we may term the comfort properties 
of wearing apparel fabrics, is still at its beginning. 

In 1844, John Mercer, one of the most ingenious 
explorers in the field of textile bleaching, dyeing, 
printing, and finishing, observed that cotton under- 
goes very interesting permanent modifications when 
treated with caustic soda. This discovery is a typical 
example of the fact that exact study and correct 
interpretation of a simple and often-performed re- 
action may result in developing an important new 
process or product; in this case it led to the process 
known to this day as mercerization. 

The swelling reactions occurring during merceriza- 
tion cause important structural modifications of the 
cotton fiber. These were studied in detail; later it 
was noted that different types of swelling agents give 
different types of alterations of the fiber properties 
and, more specifically, that there exists a basic dif- 
ference between the action of concentrated alkali 
and concentrated mineral acids on cotton cellulose. 
These observations in turn helped to clarify the con- 
fusion of terms and definitions which existed for 
quite some time regarding the swelling treatments 
of cotton. Certain authors during this time defined 
all reactions of swelling agents with cellulose as 
mercerization and the term “acid mercerization” was 
actually employed. ‘Today mercerization in. the Ger- 
man and, as far as we are aware, in the English 
terminology, denotes the finishing of cotton by means 
of relatively concentrated solutions of alkali hy- 
droxides, particularly sodium hydroxide. 

Mercer himself pointed to the localized application 
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of alkali [22] to obtain shrinkage in predetermined 
areas. He thus indicated how his new process could 
be put to use in high grade fashion finishing; the 
resulting seersucker-like crepe effects are, of course, 
very well known today. The choice of suitable pat- 
terns combined with color printing produces effects 
that will be more or less successful depending upon 
the current trends of fashion. In connection with 
mercerization one specific process remains to be men- 
tioned—the treatment of cotton with very cold alkali 
solutions. This results in a permanent stiffening of 
a typically linen-like nature [10]. 

The methodical investigation of the influence of 
swelling agents on cotton led to a series of important 
finishing methods and to basically new products, thus 
broadening the new field of high-grade finishing. It 
may be worthy of mention that the expression 
“Hochveredlung,” which means high grade finishing, 
and which is very frequently employed in the German 
terminology, was originally coined by Heberlein for 
their first special finishes that were fast to washing. 
The possibilty of altering the properties of the cotton 
fiber in many different ways enabled the finisher to 
produce a variety of textiles starting from one single 
quality of gray fabric. Particularly interesting ef- 
fects originated from an alternate treatment with 
acids and alkalies. One of the first and most im- 
portant products resulting from these treatments is 
called Permanent Organdy (Swiss Finish, Glass 
Batiste). There are several possibilities of modify- 
ing organdy. For example, the treatment can be 
combined with dye and pigment printing [4], with 
flock print, etc. (see Plates 1 and 2). 

A particularly interesting discovery of consider- 
able consequence relates to a special effect of sulfuric 
acid on cotton: when cotton is treated with sulfuric 
acid of a very narrow range of concentration, it 
shrinks without The 


becoming parchmentized. 


action of sulfuric acid of this concentration on very 
fine, light-weight fabrics imparts to them an extra- 
ordinarily pleasing hand, a milky, semitransparent 
appearance, and a surprisingly homogeneous texture 
[11]. These effects become even more marked when 
the acid treatment is combined with an alkali treat- 
ment. 


The idea of localized application of chemical agents 
to produce pattern effects occurred early in the 
course of development of high grade finishing meth- 
ods. Very interesting contrasts result from localized 
application of acid because of the large difference 
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obtained not only with regard to the transparency 
of the fabric but also to its affinity to dyes. ,Com- 
bining local parchmentizing with shrinking gave rise 
to crepe-like effects and thus to a new series of fin- 
ishing processes for fine, light-weight fabrics [19]. 
An unlimited number of high style finishing effects 
can be obtained, particularly if suitable dyeing meth- 
ods, dye, and pigment prints are combined with the 
localized action of acid and alkali [17], and also if 
the patterns are varied (see Plate 3). 

It is well known that the acid parchmentizing 
process on cotton must be carried out under rigidly 


controlled conditions. Many additives to the acid 


bath, such as pyridine [12], glycerol [20], ammonium 


sulfate [28], and urea [24], have been proposed in 
order to render the action of the acid more easily 
controllable or to improve the effects on the cotton 
fabrics. It is in fact possible by means of these 
substances to reduce the hydrolysis of the cellulose 
and thus slow down the parchmentizing action of the 
Good results are also obtained with acids that 
These 


give particularly imteresting pattern effects if the 


acid. 
contain small amounts of formaldehyde [1]. 


fabric to be parchmentized has been previously sub- 
jected to pressing at elevated temperature (Silver 
Print Effect of Messrs. Tootal, Broadhurst Lee Co. 


Fig. 1. Bleached cotton. (1) 
Untreated, (2) mercerized without 
tension, (3) mercerized under high 
tension, (4) shrunk by acid treat- 
ment, and (5) parchmentized by 
acid treatment. All photos by 
the Berne University Electron- 
microscopy Laboratory (2 in 
= In). 
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Ltd. ). 
also of mixtures of sulfuric and nitric acids [5], has 


In addition, the use of cooled acids [7], and 


been proposed for parchmentizing cotton fabrics. 
One of the crucial points when producing organdy is 
the quality and the fineness of the fabric to be acid 
treated. Over and above that, however, a large 
variety of organdy-like effects may be produced by 
combining the parchmentizing process with different 
alkali treatments, as well as by varying concentra- 
tion and temperature of the acid and its contact time 
with the fabric. Rather soft but nevertheless per- 
fectly transparent organdies result when an acid bath 
that has been cooled considerably below room tem- 
The 


nisms of the action af acids and alkali hydroxides 


perature [26] is employed. reaction mecha- 
upon cotton cellulose have been extensively studied 
by Marsh, Katz, Goldthwait, Edelstein, Dore, Urqu- 
hart and others; an abundant literature is at hand 
today. The electron micrographs made by Professor 
Signer of the University of Berne (Figure 1) will 
the 


fiber surface by acid and alkali treatments. 


illustrate various modifications caused on the 


Permanent organdy-like effects are obtainable not 
only by an acid treatment. Other methods employ 
the principle of depositing onto the cotton fabric 


small quantities of cellulose from its solutions; e.g., 
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from viscose [21] or sodium zincate solutions [8] 
followed by a mercerization step. Similarly, the 
application of alkali-soluble cellulose ethers and sub- 
sequent mercerization will result in finishes of the 
organdy type. Generally speaking, cotton fabrics 
are given an organdy-like appearance by depositing 
in the relatively slightly translucent threads forming 
the fabric a compound of a refractive index similar 
to that of cotton. In this manner, the threads are 
rendered optically homogeneous and consequently 
more or less transparent. 

In a similar way, very satisfactory linen-like effects 
have been produced on cotton fabrics by depositing 
cellulose, notably from cuprammonium hydroxide 
solution, or by dissolving a small proportion of cellu- 
lose from the fiber surface with the aid of a cupram- 
monium hydroxide solution and reprecipitating the 
cellulose onto the fiber. Strong organic bases, such 
as trimethyl benzyl ammonium hydroxide [23], may 
also be employed in the creation of fashion effects on 
cotton. 

When transparent sections are required on cotton 
goods, it is very often of advantage to use salts which 
have a dispersing action on cellulose if applied 
in fairly high concentrations. Calcium thiocyanate 


[27] and zinc chloride [18] are well suited for this 
type of finishing. While direct printing with acids 


is not feasible, this method can be used with these 
salts, parchmentizing effects being obtained after 
drying the printed fabric at elevated temperature. 
The success achieved by this procedure depends 
largely on the purity of the salts and the type of 
thickening agents employed. Here again, of course, 
an unlimited variety of fashion effects will result 
from the combination of local parchmentizing with 
dye- and pigment-printing, the use of all-over or 
local alkali shrinkage, and variation of the pattern 
to be printed [17] (see Plates 4 and 5). 

Fabrics finished in the above described manner 


may in many cases be considerably improved with: 


respect to dimensional stability and crease resistance 
by suitable resin treatments. Resin finishes as such 
represent a comparatively new yet already quite 
significant section of the whole field of textile tech- 
nical and chemical finishing. Foulds, Marsh, and 
Wood of Tootal introduced resin finishes for crease- 
proofing textiles [9]. Both the theoretical and prac- 
tical aspects of resin finishing have been treated so 
extensively by American scientists and technicians 
that a discussion in detail of this type of textile finish 
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may be omitted. Only a few specific methods of 
application with a view to obtaining fashion effects 
shall therefore be described. 

An invention devised by the Swiss Bener [2], the 
production of permanent embossing effects, was de- 
veloped to a very high degree in America. Pioneer- 
ing work has no doubt been carried out by J. Ban- 
croft & Sons Co., Wilmington, whose permanent 
chintz and embossing effects, and the silk finishes 
produced by Schreiner calendering, are of course 
well recognized in the finishing trade. As a conse- 
quence of embossing, a considerable loss in tensile 
strength is often encountered, especially with light- 
weight fabrics. In these cases a very marked im- 
provement may be obtained by preshrinking the 
fabrics with sodium or potassium hydroxide [16]. 
By printing of thickened and colored precondensates 
of the amino-formaldehyde type, local chintz effects 
of a very decorative nature can be produced; these 
effects may be made even more pronounced by 
shrinking the unprinted parts of the fabric with 
alkali. Embossing patterns are produced in a similar 
manner : first, a suitable cotton fabric is printed with 
a thickened precondensate of melamine-formalde- 
hyde; this is followed by all-over embossing, curing 
the resin-printed parts, and then washing and drying 
without tension. In this state, the embossing pattern 
also is still distinctly perceptible in the areas which 
are free from resin. In order to remove the emboss- 
ing pattern from these areas, the fabric is finally 
treated with a swelling agent that causes cotton to 
swell but not to shrink substantially [15] 
Plate 6). 

An unexpected combination of chintz and emboss- 
ing effects results from the following process: first, 
the steps typical for the production of local em- 
bossing ; i.e., the printing of a thickened preconden- 
sate, embossing, curing, washing, and drying, are 
performed. Second, the fabric is impregnated with 
a precondensate solution, dried at a comparatively 
low temperature, and glazed. As a whole the em- 
bossing is surprisingly well preserved, and there 
results, after the usual aftertreatments, a fabric show- 
ing chintz effects next to embossed patterns [13]. 

Very interesting and decorative patterns may be 
produced by locally applying resins onto fabrics com- 
posed partly of ordinary and partly of chemically 
modified cotton yarrs, and dissolving the unprotected 
parts of the latter after glazing the fabric. Thus 
glossy patterns on open-worked background are ob- 


(see 
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tained [14]. Another method of resin application 
leads to embroidery-like effects. Precipitating agents 
are printed on cotton fabrics of preferably fine con- 
struction. The dried fabrics are then dipped into 
suitable resin dispersions, and the locally applied 
precipitating compounds cause the resin to be de- 
posited in a pattern. 
washed, relief-like 


After the fabric is dried and 
effects having considerable me- 
chanical resistance result. 

When cellulose 


densates such as methylol compounds of urea, of 


fabrics are treated with precon- 


N-substituted urea, of melamine, and of acetone, as 
well as with the recently introduced group of the 
epoxides, a chemical reaction will generally take 
place with the cellulose. 

These reactions lead to a cellulose that is chem- 
ically modified, at least in part, and whose new 
properties have a definite bearing upon these of the 
finished product. We have mentioned the wash-fast 
mechanical deformations of cotton and the creation 
of crease resistance and dimensional stability. In 
these instances crosslinking is the major factor which 
significantly changes the qualities of the 
material, altering, for example, its elastic properties 


textile 
and reducing its swelling power. Here we are enter- 
ing another sphere of textile scientific activity: the 
chemical modification of cellulose with the purpose 
of imparting new properties to cotton. Studies of 
this type have been very numerous of late; in this 
connection special attention may be called to the im- 
portant work performed at the Southern Regional 
Research Laboratories in New Orleans. Many of 
these studies are carried out in order to develop in 
the cotton fiber itself such functional qualities as rot 
and flame resistance, increased or reduced swelling 
power, etc. All the methods applied to this end are 
based on the general principle of modifying cotton 
without altering to any extent its proven textile 
qualities or its fibrous structure. It is not possible, 
of course, to realize these demands fully in all cases. 
Among the quite numerous possibilities of chemical 
modification, acetylation, carboxymethylation, cyano- 
ethylation, and phosphorylation of cotton have al- 
ready been carried out on a plant scale. 

While, as a rule, cotton is chemically modified in 
order to improve its functional properties, experi- 
ments have already been performed with a view to 
making use of the new qualities of the fiber for 
fashion 


purposes. Typical examples are the im- 


munizing treatments which change the dyeing prop- 
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erties of cotton either by rendering the fiber resistant 
to ordinary cotton dyes or else by developing affinity 
to groups of dyes that do not normally dye cotton. 
These immunizing processes usually depend on some 
kind of esterification reactions with cotton cellulose. 
As early as 1919 Leopold Casella had a patent filed 
for the production of novelty yarns from cotton or 
other vegetable fibers. In this process the textile 
material is pretreated with alkali and then subjected 
to the action of aromatic acid chlorides in the pres- 
ence of an inactive solvent. Any acid chlorides of 
the aromatic group may be employed, specific men- 
tion being made of benzoyl chloride and its homo- 
logues, phthalyl chloride and naphthoy! chloride. 

The action of aromatic sulfochlorides renders cot- 
ton resistant to substantive dyes. This process, 
disclosed in an early patent, consists of reacting the 
alkali pretreated cotton fibers, preferably with p- 
toluenesulfochloride [25], the goods being in an un- 
dyed state or dyed with vat dyes. The treated yarn 
will no longer dye from a hot soap solution of sub- 
stantive dyes, yet will show a remarkable affinity to 
basic dyes; furthermore, it shows a considerable re- 
sistance to mercerizing liquors and parchmentizing 
acids. By interweaving such immunized yarns with 
gray or bleached cotton yarn, pattern effects are 
obtained which after piece-dyeing lead to very ap- 
pealing contrasts of shade. 

A further development of this process originates 
from Zurich, where Paul Karrer discovered the pos- 
sibility of preparing a nitrogen derivative of cellulose, 
the so-called amine Cotton which has been 
p-toluenesulfochloride is treated 
with ammonia; the fiber now shows affinity to acid 
dyes. 


yarn. 
immunized with 
According to an old American patent by 
Karrer, a material of similar dyeing properties is 
obtained by simultaneous action of, for instance, 
p-toluenesulfochloride and pyridine upon cellulosic 
fibers. 

Various acetylation procedures have been devel- 
oped. Acetic anhydride serves as an acetylating 
agent at different temperatures ; the reaction is cata- 
lyzed by strong electrolytes such as sulfuric acid, 
zinc chloride, copper sulfate, potassium acetate, and 
perchloric acid, the last chemical having come into 
use only recently. 

At one time acetylation of cotton cellulose was 
generally considered to take place only on the fiber 
surface ‘until the triacetate stage is reached; in a 
second step the acetylating reaction penetrates fur- 
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ther, advancing in layers throughout the fiber, pro- 
vided the treatment with acetic anhydride is con- 
tinued long enough. Rheiner, of Sandoz, however, 
showed the possibility of arriving directly at cellulose 
mono- and diacetates homogeneously dispersed over 
the whole cross section if mild conditions of acetyla- 
tion are observed, such as low temperature (room 
temperature) and reduced catalyst concentration. 
Right after the treatment, the affinity towards dyes 
is not yet completely eliminated, the immunization 
maximum depending on two factors—the degree of 
esterification of the cellulose and a reduction of the 
fiber swelling in water. The swelling property is 
reduced considerably and irreversibly by drying. 
Acetylated cotton fibers of the described type are 
being sold by Sandoz under the trade mark Cotopa. 
These yarns are specifically suited for electric insu- 
lating purposes and the like, yet there exists also the 
possibility of employing them in the creation of 
fashionable fabrics. 

Another type of esterification of cotton cellulose 
comprises as esterifying agents such inorganic acid 
chlorides as thionyl chloride, sulfuryl chloride, chloro- 
sulfonic acid, phosphorus trichloride, and the like. 
Heberlein disclosed a specific procedure based on the 
following principle: cellulosic fibers are treated with 
a halogen phosphorus compound in the presence of 
alkali, the alkali being applied in an alcoholic solution 
in order to prevent the textile material from shrink- 
ing. The esterification is advantageously effected by 
phorphorus oxychloride in an inactive diluting agent, 
e.g., xylene. 

Pattern effects may be produced by local applica- 
tion of these esterification The printed 
parts do not take up substantive dyes, but have a 


methods. 


marked affinity to basic, and in some cases also to 
dispersion dyes. 

Ciba developed a process for washfast embossing 
effects by employing the reduced swelling capacity 
of acetylated cellulose in water. The method com- 
prises acetylating previously embossed cotton fabrics 
by means of an acetic anhydride solution in glacial 
acid, using zinc chloride as a catalyst. 

The acetylation of cotton yarns and fabrics to give 


the triacetate has been realized recently [6]. Tri- 


acetylated cotton cellulose shows a considerably in- 
creased degree of plasticity, which enables the pro- 
duction of relatively permanent embossing patterns 
by calendering at elevated temperature. 


Another very interesting and versatile finishing 
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method based on chemical modification of the cotton 
fiber by esterifying reactions produces the so-called 
Cotton a very 
degree of nitration dissolves easily in alkali. In 


“burnt-out fabrics.” even at low 
order to make use of this fact, alkali pastes are 
printed on cotton fabrics which have been con- 
structed of normal and of nitrated yarns, and after 
a steaming cycle the printed sections of the nitrated 
yarns dissolve during a subsequent washing opera- 
tion. Finally, denitration of the remaining nitrogen- 
containing yarns restores the original properties of 
the cotton fiber [3]. 


etched and denitrated in this way may be bleached, 


Fabrics which have been 
mercerized, dyed, and printed, and, if necessary, 
parchmentized by customary finishing procedures. 
Under certain conditions, dyes may be added to the 
alkali printing paste; furthermore, color and/or pig- 
ment prints may be combined in register with the 
burnt-out patterns. 


tive embroidery-like effects (see Plates 7 and 8). 


These finishes give very decora- 


Frequent attempts also have been made to produce 
burnt-out effects on plain cotton fabrics. A lacquer 
is printed around the burnt-out pattern in order to 
prevent the edges from tearing. 

A series of examples for the creation of fashion 
effects on cotton yarns and fabrics has been dis- 
cussed. Although far from being complete, this list 
of finishing methods—restricted to fashion effects 
only—shows quite distinctly the remarkable versa- 
tility of cotton as a textile material. 
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with Fluorochemicals’ 
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Abstract 


rhe application of some fluorochemicals to cotton textiles to impart oleophobic and 
hydrophobic surface characteristics to the materials has been investigated further. 
The chromium complexes of perfluoromonocarboxylic acids were used in conjunction 


with acrylic emulsions. 
with the complexes into one emulsion. 


These were employed in separate operations as well as combined 
Perfluoromonocarboxylic acids were applied to 


fabrics after impregnation with a mordant to bond the acid to the fiber. 
Data are presented to show the relative effectiveness of the repellency treatments as 


governed by the fabric construction. 


Aru YUGH the commercial application of flu- 


orochemicals to woolen textiles for imparting oil and 


water repellency was announced in trade journals in 
the fall of 1956, the application of fluorochemicals to 
cotton fabrics to obtain the same effects had already 
been under study for several years at the Southern 
Regional Research Laboratory ; some details of that 
study are discussed in the scientific literature [4]. 
Whereas the only commercial oil repellent process 
for woolens at present is stated to consist of the 


application of a fluorochemical polymer emulsion 


1 Presented at the Sixth Cotton Chemical Finishing Con- 
ference of the National Cotton Council, Washington, D. C., 
October 2, 1957. 

2 Resigned. 

3 One of the laboratories of the Southern Utilization Re- 
search and Development Division, Agricultural Research 
Service, United States Department of Agriculture. 


under certain conditions of dilution and acidity, two 
fluorochemical treatments were applied to cotton. 
One treatment involved the application of the chro- 
mium complex of a perfiuoro acid and the other a 
fluoro rubber latex. Two cotton constructions, 
80 x 80 print cloth and 8.5-oz. sateen, were made 
repellent to mineral and vegetable oils as well as to 
water. The chromium complex of perfluoro-octanoic 
acid and the latex of poly (1,1-dihydroperfluorobutyl 
acrylate) gave satisfactory repellencies, affected ten- 
sile properties only slightly, and were commercially 
available. 


The 


which have been developed with the chrome complex 


present paper describes further treatments 
and with other commercially available fluorochem- 
icals in conjunction with ordinary organic and in- 


organic compounds. 





Materials and Methods 


The chromium complex of perfluoro-octanoic acid 
was employed in two forms. A commercially avail- 
able preparation under the trade name* FC 805 
was furnished as a 30% solution of complex in 95% 
isopropyl alcohol. Its ratio was 
found to be 3.5:1. A laboratory preparation of the 
complex having a 6:1 ratio was made by reacting an 
isopropyl alcohol solution of the perfluoro acid with 
a mixture of chromic oxide, isopropyl alcohol, and 
hydrochloric acid in the method given by Goebel and 
Iler [2]. 


The several acrylic polymers employed in this 


chromium: acid 


study were obtained as commercial emulsions ; these 
included * Hycar 4501, Rhoplex FRN, and Rhoplex 
B-15. The latter two are known to be nonionic 
emulsions, but little information other than this was 
on hand concerning them. 

Perfluoro acids were obtained as the commercial 
grade and were not purified further. Only per- 
fluorobutyric acid and perfluoro-octanoic acid were 
employed. Aluminum triacetate for use as a mordant 
was prepared by the double decomposition of stoi- 
chiometrical quantities of aluminum sulfate and lead 
acetate. 

The cotton fabrics employed included 48 x 48 
sheeting, 80 x 80 print cloth, 8.5-0z. sateen, and a 
cotton-rayon oxford whipcord. The fabrics were all 
desized with an enzyme desizing agent, then scoured 
with caustic Applications of all chemicals to 
the fabrics to obtain oil repellency were accomplished 
by simple padding and curing. 

Treating solutions of the latices were prepared on 
a weight/weight basis by simple dilution with dis- 
tilled water to the desired total solids content. The 
perfluoro acids, however, were dissolved in 95% 
ethyl alcohol. Dilution and partial neutralization of 
the chromium complexes to the desired total solids 
content and pH range were done as described in a 
previous paper [4]. 

Fabric treatment consisted of immersion in 
respective treating baths 


soda. 


the 
(generally at a 20:1 
bath:fabric ratio) long enough to insure good wet- 
ting-out, followed by squeezing through pad rolls 
to as close to 100% wet pickup as possible. The 
samples were air-dried before immersion in any 
subsequent bath. 


4 The use of trade names does not imply recommendation 
by the Department of Agriculture of the products of one 
manufacturer over similar products of other manufacturers. 
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Swatches of the four fabrics, either as 2 X 4-in. 
strips or as 4 X 4-in. squares, were impregnated 
with Hycar solids from treating baths containing 
5, 10, and 20% total solids. The air-dried fabrics 
were then treated with solutions of FC 805 contain- 
ing 0.1 and 0.5% total solids (pH 4.5) and with a 
solution of the laboratory preparation containing only 
0.1% One piece of sateen, however, 
was prepared to contain 41.5% dry add-on of Hycar 
solids followed by treatment with 0.4% chrome com- 
plex. At these dilutions of 0.1-0.5%, the solutions 
of complex were prepared with chilled water and the 
baths were held at 5° C. during use. 


total solids. 


The nonionic emulsions of the acrylic polymers 
were modified by adding properly weighed amounts 
of the chrome complexes (with some dilution) di- 
rectly while diluting the commercial commodity and 
were used on the four fabrics as a single application. 
The emulsions in the baths were prepared to contain 
5, 10, and 20% polymer solids and 0.1 and 0.5% 
chrome compiex solids. 

Aqueous aluminum acetate solutions were applied 
to fabrics in 0.1, 0.25, and 0.5 M concentrations. 
After air-drying, the mordanted samples were im- 
mersed in alcoholic solutions of perfluorobutyric and 
perfluoro-octanoic acids, the former at 1% concentra- 
tion and the latter in concentrations ranging from 
0.1 to 10%. These were air-dried, then cured in a 
forced-draft oven at 110° C. for 30 min. 
baths to be 
prepared by 


Treating 
used for a single step treatment were 
combining 0.5 M acetate and the acid 


solutions in different proportions. 


The final solu- 
tions arrived at for use in extensive testing were 
prepared by mixing equal volumes of acetate and 
1 and 5% perfluoro-octanoic acid. 

Evaluation of the oleophobic properties of the 
treated fabrics was carried out by the method de- 
scribed in detail in a previous paper [4]. Four drops 
of each of four test oils were placed on each test 
specimen. In the present study, however, the test 
drops were permitted to stand on the specimens for 
a period of only one week (168 hr.) instead of two. 
Measurements were made of the time required for 
the droplets to disappear from the upper surface of 
the specimen by either spreading on the surface 
(wetting) or by penetrating the fabric and appearing 
on the underside (penetration). The same proce- 
dure was followed using water and selected organic 
solvents on the specially treated piece of sateen. 


In Table I the 


are listed surface tensions and 
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viscosities of the test oils, as well as the same param- 
eters plus the volatilities of water and the selected 
organic solvents. Surface tensions of the test oils 
were measured at 25° C. with a direct-reading pre- 
cision Du Nouy Tensiometer ; their viscosities were 
measured at 30° C. using a modified Ostwald visco- 
and the handbook 


values were accepted for these parameters. Volatility 


simeter. For 


water solvents, 


was calculated from the equation 


Mp 


Volatility, g./l. = 62.37T 


where M is the gram molecular weight of the liquid, 
p is the vapor pressure in mm. of mercury at 20° C., 
T is the absolute temperature, and 62.37 is the gas 
constant in 1.-mm./degree [3]. 

Evaluation of other properties of the treated fabrics 
included measurements of tear strength (Elmen- 
dorf), breaking strength, elongation, stiffness, re- 
(Stoll air per- 
meability (Permeometer ), and water spray resistance 
(AATCC Spray Test). 


resistance was made by burying small test strips in 


sistance to flat abrasion Abrader ), 


A quick estimate of rot 


biologically active soil for 1 wk.; more quantitative 
tests are in progress. Laundering tests were made 
by using a Federal Specification soap powder (Fed- 
eral P-S-606a ) commercial 
heavy-duty syndet to prepare 275-ml. solutions con- 
taining 0.2 g. 


Specification and a 


of powder. Small strips of treate: 


1 


fabrics were held in the respective solutions for 
min. at 60-70° C., 


dried, ironed, and tested for oil repellency. 


after which they were rinsed, 
Qualita- 
tive soiling tests were made by visual observation 
after sharply shaking test pieces with a synthetic soil. 
Results and Discussion 

( dil Repellency 

Treatments with latices and chromium complexes. 
The high degree of oil repellency obtained in the 
previous the complexes of 
perfluoro-octanoic acid in relatively dilute solutions, 


study, using chrome 
and the factor of improved abrasion resistance ob- 
tained with the fluoro rubber latex but at the higher 
add-ons that gave oil repellency, led to considerations 
of obtaining both oil repellency and improved abra- 
sion resistance at the same time and at a lower cost. 

The application of suitable polymer emulsions to 
cotton fabrics has been shown by others to give 
markedly improved abrasion resistance and anti- 


crocking properties [1]. This knowledge, then, led 
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to the idea of a latex impregnation of cotton fabrics, 
Be- 
cause of the cost of the chrome complex, it was 


followed by application of the chrome complex. 


desired to keep its concentration as low as possible 
and still obtain oil repellency. Previous work indi- 
cated that 0.5% total solids of chrome complex was 
the lower limit at which reasonable repellency ap- 
peared [4]. No knowledge was available regarding 
what influence an underlying layer of latex material 
might have on the oil repellency bestowed by the 
chrome complex. 

It was found that the wetting times for fabrics 
containing Hycar latex at 5, 10, and 20% add-on, 
after-treated 0.1% 


were greatly lengthened over those previously ob- 


with chrome complex solution, 


tained where only the complex was used. Increasing 
the concentration of the complex to 0.5% markedly 
increased the wetting times (Table Il). The wetting 
time measurements indicate the time in hours for 
complete wetting, measured from placement of the 
four drops to the appearance of wetting by the first 
and last drops to do so. Where no penetration or 
wetting occurred during the previously defined ob- 
servation period of 168 hr. (7 days 
of “No Wetting” Where partial repel- 
lency resulted from the treatment, that is, 


, a classification 
is assigned. 
the under 
surface of the test specimen was wetted by penetra- 


TABLE I. Physical Properties of Test Liquids 


Calculated 
volatility, 
centipoises g./l1. 


Surface 
tension, Viscosity, 


Liquid dynes/cm 


Test oils * 


SAE No. 10 motor oil 30 
Paraffin oil, N.F. 30 
Refined olive oil 32.3 


Refined cottonseed oil 32. 


Other liquids ¢ 


Water, distilled 
Ethyl alcohol 
Toluene 

Isopropyl alcohol 
Methy! alcohol 
Ethyl acetate 
Methyl ethyl ketone 
Benzene 

Acetone 

Carbon tetrachloride 


0.801 
1.00 

0.526 
1.77 

0.510 
0.400 
0.389 
0.564 
0.295 
0.843 
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* Laboratory measurements: 
cosity at 30° C. 
t Handbook values at 30° C. 


surface tension at 25° C 
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tion without complete disappearance of the test liquid 
from the upper surface of the specimen during the 
observation period, the wetting time is classed as 
being “greater than 168 hr.” Latex add-on did not 
seem to be a very strong factor influencing wetting 
time, but in general a 10% add-on of Hycar solids 
seemed to give better results. 

Fabric construction, on the other hand, had a 
marked influence on the effectiveness of the treat- 
ment. This is indicated by the data in Table III. 
Sateen and whipcord continually required heavier 
applications of fluorochemicals to obtain the repel- 
lency easily obtained with the lighter constructions. 
Previous work indicated that high chromium:acid 
ratios (about 3.5:1) in the complex contributed very 
markedly to longer wetting times [4]. This effect 
was again found to be suggested by the data in Table 
IV, where the results with the laboratory preparation 


TABLE II. 


Total solids 
of FC-805 
in bath, % SAE #10 
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(6:1 ratio) are compared with those from the com- 
mercial product (3.5:1 ratio). In general, a 0.1% 
solution of the complex with the 6:1 ratio seemed 
to give results comparable to these obtained with a 
0.5% solution of the lower ratio complex. 

Where treated fabrics were partially wetted by the 
oils, the data (Table IV) indicate that the hydro- 
carbon mineral oils wet more quickly and easily than 
did the glyceridic vegetable oils, although all the four 
test oils have nearly the same surface tensions and 
viscosities. It was also noted that benzene, with a 
surface tension of 28 dynes/cm., wet treated sateen 
very quickly, whereas SAE No. 10 lubricating oil, 
surface tension 30 dynes/cm., did not wet it for 
several weeks. It thus seems apparent that when 
liquids of widely varying chemical structure and 
physical properties are placed on a porous surface, 
surface tension of the liquid is not the prime factor 


Time Required for Test Oils to Wet Print Cloth Impregnated with Hycar 4501 and After-Treated with FC-805 


Wetting time, hr. 


Paraffin Olive 


Cottonseed 


0, 5, 10, and 20% Hycar dry pickup 


NR* 


5% Hycar dry pickup 


(120-144)t — >168 
168 


(120-144) — >168 
168 


10% Hycar dry pickup 


> 168 
NW? 


(120-144) — >168 
Nwt 


20% Hycar dry pickup 


0 72 > 168 


1 > 168 
0.5 > 168 > 168 F 


NW 


* NR (no repellency)—drops wet completely in less than 1 min. 
+ Denotes wetting took place over the weekend. 
t NW (no wetting) denotes no penetration or wetting of fabrics by test drops during the test period (168 hr.). 


TABLE ill. Effect of Fabric Construction on Time Required for Test Oils to Wet Fabrics with 10% Hycar 


Dry Pickup, After-Treated with 0.5% FC 805 


Wetting time, hr. 


Fabric SAE #10 Paraffin Olive Cottonseed 
NW* 
NW 
> 168 
(96-144)t — >168 


48 X 48 Sheeting 
80 X 80 Print cloth 
8.5-0z. Sateen 


Whipcord 


NW* 

NW 

> 168 
72—(96-144)f 


NW* 

NW 

> 168 
NW — >168 


NW* 
NW 
> 168 
96 — >168 


* NW (no wetting) denotes no penetration or wetting of fabrics by test drops during the test period (168 hr.). 
t Denotes wetting took place over the weekend. 
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Considera- 
tions of the surface tensions, viscosities, and volatili- 


involved in the wetting of the surface. 


ties of solvents placed on the piece of sateen specially 
treated to hold back organic solvents led to the belief 
that volatility of the liquid is a very important factor 
in wetting. This is based on the curve shown in 
Figure 1, where the wetting times are plotted against 
volatility. Since the wetting times vary very greatly, 
a logarithmic scale was ‘used to compress them in 
plotting. It now seems that a vaporization-condensa- 
tion process can easily account for the relative ease 
by which solvents wet and penetrate these treated 
fabrics. The fabric is actually being penetrated by 
molecules of the solvent in the vapor state, so that 
the more volatile the liquid is, the more quickly the 
fabric is penetrated. 

A single emulsion for the treating bath was thought 
to be highly desirable. When it was found that a 


nonionic emulsion could tolerate addition of the 


acidic chrome complex, such treating baths were 
feasible ; these were prepared. 
Dilutions of two emulsions, Rhoplex FRN and 


Rhoplex B-15, to 5, 


each combined with chrome complex to contain 0.1% 


10, and 20% polymer solids, 


complex solids, failed to bestow oil repellency re- 
gardless of the chromium:acid ratio of the complex. 
Increasing the content of complex solids to 0.5% 


improved the performance of the modified emulsions 
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very greatly, but as can be seen from the data in 
Table V, 
the polymer content influenced the repellency ob- 
tained with a 
sponded very well to this sort of treatment, being 


it seems that the polymer itself as well as 


modified emulsion. Whipcord re- 
neither wet nor penetrated at any of the three levels 
of polymer content (Rhoplex B-15) during the test 
period. 


for the other three fabrics, however, only when 5% 


Similar high repellencies were obtained 


t= Woter 

2+ Ethyl alcohol 

3+ Toluene 

4= isopropy! cicohol 
S= Methyl cicoho!l 
6= Ethy! ocetate 


“wu &F Quevo 


Wetting Time (10* Seconds) 
Nn 
(ssneH) eur, Sursem 


0.2 0.4 0.6 


Volotility (9/1) 


Fig. 1. Variation in repellency of treated sateen as a 
function of volatility of the test liquid 


TABLE IV. Time Required for Test Oils to Wet Sateen Impregnated with Hycar 4501 and After-Treated with 0.1% 
Solutions of Chrome Complexes with Different Chromium : Acid Ratios 


Chromium : acid ratio 


of the complex SAE #10 


Wetting time, hr. 


Paraffin Olive Cottonseed 


0, 5, 10, and 20% Hycar dry pickup 


NR* 


No complex used 


NR* 


5% Hycar dry pickup 


5.5-24 


> 168 


10% Hycar dry pickup 


24 (96-144)t — 
> 168 > 168 


20% Hycar dry pickup 


33 24-72 
6:1 > 168 


* NR (no repellency) 
+t Denotes wetting took place over the weekend. 
t FC 805. 

** Laboratory preparation. 


24-48 
> 168 


drops wet completely in less than 1 min. 
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polymer solids were used. The modified emulsions 
gave no or only very poor repellency when applied 
after standing in the laboratory for 12 days after 
preparation, even though there were no _ visible 
chang~s in their appearances. 

Treatments with a mordant and perfluoro acids. 
The greenish tint imparted by applications of the 
chrome complex could be considered objectionable 
for white goods. This led to consideration of other 
ways of affixing a perfluoro surface to cotton fab- 
rics—to processes which would not impart color. 
One such treatment already described uses the fluoro 
rubber latex [4]. The use of colorless aluminum 
triacetate in mordant dyeing was thought to offer 
another which, chemically speaking, looked attractive. 

Since aluminum triacetate exists only in solution 
and forms insoluble basic aluminum acetate on dry- 
ing, it would be expected that application of the 
relatively strong perfluoro acids to the basic salt 
would either neutralize the hydroxyl group or dis- 
place acetyl groups, forming an insoluble aluminum 
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salt of the perfluoro acid. This would bind a per- 
fluoro surface to material properly pretreated with 
the triacetate. Application of the perfluoro acid di- 
rectly to cotton fiber from either water or solvent 
solutions has been shown by Tripp and coworkers 
[5] to give a surface highly repellent to dry soiling 
but removable by water. Resistance to leaching by 
water was achieved by applying dilute solutions of 
aluminum acetate or zirconium nitrate and drying 
prior to applying a perfluoro acid. 

The same technique employed for obtaining oil 
repellency was not successful when perfluorobutyric 
acid up to 1% concentration was applied to mor- 
danted cotton fabrics, but this merely confirmed 
earlier results with the perfluorobutyric acid complex 
[4]. 
was applied to mordanted fabrics, oil repellency did 
appear. 


However, when 0.5% perfluoro-octanoic acid 


The wetting times showed a dependence on 
mordant. 
The heavier sateen and whipcord responded poorly 


fabric construction and concentration of 


even after pretreatment with the highest concentra- 


TABLE V. Time Required for Test Oils to Penetrate Print Cloth Impregnated with Nonionic Acrylic 
Emulsions Containing 0.5% FC 805 


Polymer 


emulsion SAE #10 


Penetration time, hr. 


Paraffin 


Olive Cottonseed 


5% Resin emulsions 


Rhoplex B-15 
Rhoplex FRN 


N p* 
0.3 


10% Resin emulsions 


Rhoplex B-i5 (120-144)t 
Rhoplex FRN 0.2 


(120—144)t (120—-144)t (120—144)t 
0.2 48 48 


20% Resin emulsions 


Rhoplex B-15 
Rhoplex FRN 


24 24 
0.5 24 


* NP (no penetration) denotes no appearance of liquid on underside during the test period (168 hr.) 


t Very slight penetration appeared over the weekend. 


TABLE VI. Time Required for Test Oils to Wet Fabrics Mordanted with 6.5 M Aluminum Triacetate and 
After-Treated with 1% Alcoholic Perfluoro-Octanoic Acid 


Fabric SAE #10 


48 X 48 Sheeting 
80 X< 80 Print cloth 
8.5-0z. Sateen 24 


> 168 
> 168 


Oxford whipcord 96-(120--144)t 


Wetting time, hr. 


Paraffin Olive 


Cottonseed 


NW* 
NW 

72—(120—144)t 
> 168 


> 168 
> 168 
24-48 
> 168 24 


96~(120-144)f 
96- (120-144) 


* NW (no wetting) denotes no wetting or penetration of fabrics by test drops during the test period (168 hr.). 


+ Denotes wetting took place over the weekend. 
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tion of aluminum triacetate, 0.5 M, which gave the 
Increasing the acid concentration to 
1% markedly improved repellency, and again, as 


best results. 


the data in Table VI indicate, dependence on fabric 


construction and mordant concentration is still a 
factor. 

Although the wetting times obtained were im- 
proved by 1% perfluoro-octanoic acid, still the pene- 
tration times left much to be desired—especially with 
sateen. By further increases of acid strength, much 
improved results were obtained not only in wetting 


(Table VIT) 


Fabric construction had no influence on the repel- 


time but also in penetration time. 


lency bestowed by application of 10% perfluoro- 
octanoic acid. Except for cottonseed oil, no wetting 
or penetration of the four treated fabrics occurred 
during the test period. Cottonseed oil showed some 
penetration after 72 hr., but little wetting even after 
168 hr. 

The perfluoro acids and the aluminum triacetate 
combined into single solutions gave only poor results 


when applied to fabric. 


Properties Other Than Oil Repellency 


Physical properties. Print cloth and sateen treated 
to obtain good oil repellency but with a minimum of 
fluorochemical by each of the three processes showed 
only slight variations in breaking strength and elon- 
gation. Other properties, however, showed greater 


changes, as can be seen from the data in Table VIII. 


TABLE VIII. 


Strip 
breaking 
strength, 

warp, 


Ib 


Elonga- 
tion, 


warp, 


ond 


Treatment 0 


Flat 
abrasion, 
warp, 


cycles 
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Flat abrasion of the sateen was markedly increased 
(193%) by the Hycar-complex treatment; the in- 
No 
marked improvement was obtained from the other 
treatments. 


crease for print cloth, though, was only 76%. 


Air permeability of the print cloth was 
consistently reduced by the same order of magnitude 
(some 30%) by all the treatments, whereas that of 
the sateen was increased about 20% by the modified 
emulsion but decreased about 30% by the other two 
treatments. Tear strength of the treated fabrics was 
adversely affected by the treatments, being reduced 
as much as 60%. The tear strength of the untreated 
sateen, however, was found to be abnormally high 


when compared to values obtained from other avail- 


TABLE VII. Time Required for Test Oils to Wet Sateen 
Mordanted with 0.5 M Aluminum Triacetate and 
After-Treated with Alcoholic Solutions 
of Perfluoro-Octanoic Acid 


Concen- 
tration 
of acid 


solution, 


load 
0 


Wetting time, hr 
Cotton- 


SAE #10 Paraffin Olive seed 


0 NR* 

24 
> 168 
NWt 


NR* 

(120—144)t 
NWt 
NW 


NR* 
24-48 
NW 
NW 


NR* 

24 
(96—120)t 

> 168 


72 
5 


10 


*NR (no repellency) 
1 min. 

+ Denotes wetting occurred over the weekend. 

t NW (no wetting) denotes no wetting or penetration of 
fabrics by test drops during the test period (168 hr.). 


drops wet completely in less than 


Physical Properties of Oil Repellent Fabrics 


Air 
permea- 
bility 
dry, 
ft.4/min 


2 


it.* 


Stiffness, 
warp, 
bending 
moment 
xX 10~* Ib. 


Elmendorf 
tear Water spray 
resistance, 
AATCC 
Spray Test 


resistance, 
warp, 


Ib 


80 X 80 Print cloth 


84 
148 
94 
82 


Untreated control 
Hycar complex* 
Modified emulsiont 
Mordant treatmentt 


8.5-oz. Sateen 


oo 


9.7 
12.3 
9.6 
i0.8 


Untreated control 
Hycar complex* 
Modified emulsiont 
Mordant treatmentt 


“sow uvl 


> => 


wwe we Ww 


* Two step process: 
+t One step process: 
t Two step process: 


534 
1566 
754 


481 


10% Hycar solids, 0.5% complex solids (3.6 : 1 chromium 
5% Rhoplex B-15 solids plus 0.5% complex solids (3.6 : 1 chromium : acid ratio). 
0.5 M aqueous aluminum triacetate, 5% alcoholic perfluoro-octanoic acid. 


22 
16 
26 
18 


18.9 11.8 
33.4 
33.9 


19.5 


8.6 


6.2 


: acid ratio). 
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able lots of sateen ; this indication of abnormality was 
strengthened by the ragged, puckered appearance of 
the torn pieces, showing an uneven tear. Stiffness of 
the fabrics, as would be expected from the amount 
of finishing material present, was increased, with the 
greatest increases being found where the latices were 
used. Although drops of water placed on the treated 
fabrics stood until they evaporated, the water spray 
resistances of the treated fabrics were only fair. 

Rot resistance. Strips of 80 Xx 80 print cloth 
treated with 0.5, 1.0, and 1.5% perfluoro-octanoic 
acid chrome complex and with 10% solids of the 
fluoro rubber latex buried in biologically active soil 
for 1 wk. were completely disintegrated at the end of 
that time. Disintegration of the complex-treated 
samples was unexpected because it was thought that 
bonding the chromium compound to cellulose would 
bestow some degree of rot resistance. No samples 
treated with Hycar complex or with modified emul- 
sion were placed in the bed because it was believed 
that if the chrome complex alone failed to bestow rot 
resistance, then these treatments could not be ex- 
pected to do so. 

On the other hand, fabrics given the mordant 
treatment showed no signs of attack and little attach- 
ment of soil particles after an equal period of burial. 


The retention of strength, judged solely by resistance 
to hand tearing, seemed to be fairly high and to in- 
crease with increasing acid concentration. 
of print cloth treated only with the triacetate had re- 
tained its structure but had no strength left. 


A strip 


Print cloth treated with the 
chrome complex alone displayed very good resistance 
to dry soiling, resistance as good as any given by the 
present commercial particulate dispersions. 


Soil resistance. 


Fabric 


Untreated 
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treated with the fluoro rubber latex, with Hycar 
complex, and with the modified emulsion did not 
have soil resistant properties. 

Very good resistance to soiling was shown by print 
cloth given the colorless mordant treatment. Fabric 
treated with the aluminum triacetate alone, however, 
retained soil as badly as did the untreated fabric. 
Electron micrographs (Figure 2) of fiber taken from 
the resistant fabric showed that the character of the 
fiber surface had been modified in a manner similar 
to that achieved by using perfluoro-decanoic acid 
alone [5]. The antisoiling properties of the treated 
fabric, then, seem to arise from the low energy sur- 
face created by the perfluoro acid. 

Launderability. Regardless of the type of treat- 
ment applied to fabric, oil repellency was not lost 
after exposure to hexane and to carbon tetrachloride. 
Unfortunately, aqueous laundering solutions com- 
pletely destroyed the oil repellency of fabrics treated 
with the chrome complex alone and those given the 
Hycar complex, the modified emulsion, and the mor- 
dant-acid applications. Fabric treated with the fluoro 
rubber latex, however, retained its oil repellency 
after a number of launder cycles which confirmed 
data previously reported for this particular treat- 
ment [4]. 


Summary 


Further treatments utilizing commercially avail- 
able fluorochemicals in conjunction with ordinary 
organic and inorganic compounds have been devel- 
oped to render cotton fabrics oil and water repellent. 

Application of an acrylic latex to cotton fabrics 
such as 48 X 48 sheeting, 80 x 80 print cloth, 8.5-oz. 
sateen, and a cotton-rayon oxford whipcord prior to 


Fig. 2. Electron micrographs of 
surfaces of untreated and treated 
cotton fibers. 
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applying perfluoro-octanoic acid chrome complex 
solutions markedly increased the resistance of the 
fabrics to penetration or wetting by hydrocarbon 
mineral oils and glyceridic vegetable oils over that 
previously obtained when using the chrome complex 
alone at the The indication 
that increasing the chromium:acid ratio of the 
chrome complex enhances the fluorocarbon character 


same concentrations. 


of the surface coatings prepared with this compound, 
found in earlier work, has been verified. Comparison 
of wetting data obtained from the complex prepared 
in the laboratory (chromium:acid ratio of 6.0:1) 
with those from the commercial preparation (3.6: 1 
ratio) indicated generally that a 0.1% solution of the 
6.0:1 complex gave results comparable to those ob- 
tained with a 0.5% solution of the 3.6:1 complex. 
Oil and water repellency was obtained using a 
single emulsion made by combining nonionic acrylic 
latices with the chrome complex. High oil repellen- 
cies were obtained when fabrics were treated in a 
single-step process with dilutions of the latices com- 
bined with 0.5% chrome complex solids. Use of 
two nonionic acrylic latices indicated that the polymer 
itself as well as the solids content of the emulsion 
influenced the overall repellency obtained with this 


treatment. 


Because the greenish tint imparted by the chrome 


complex is objectionable for white goods, a colorless 
treatment employing aluminum acetate and perfluoro- 
octanoic acid was developed. Excellent oil repellency 
was obtained with cotton fabrics impregnated first 
with aluminum triacetate and after-treated with solu- 
tions of perfluoro-octanoic acid. Print cloth treated 
in this manner showed very good resistance to dry 
soiling and some degree of rot resistance. 

Fabric construction had a marked influence on the 
effectiveness of each of the respective treatments. 
Sateen and whipcord continually required heavier 
applications of the fluorochemicals to obtain the 
with the 


repellency easily achieved lighter con- 


structions. 
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Print cloth and sateen, each treated to obtain good 
oil repellency but with a minimum of fluorochemical 
by each of the three processes, showed only slight 
Flat 
abrasion resistance was increased for both fabrics by 


variations in breaking strength and elongation. 
the two-step process. Air permeability of the print 
that of the 
sateen was increased by the single-step treatment and 


cloth was reduced by all the treatments ; 
reduced by the other two processes. Tear strength 
of the treated fabrics was adversely affected by the 
treatments. Although oil repellency was not affected 
by exposure to organic solvents, aqueous laundering 
completely destroyed the repellency imparted by each 
of the three processes. 
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Durable Creasing of Wrinkle Resistant Cotton’ 
J. David Reid, Robert M. Reinhardt, and Russell M. H. Kullman 


Southern Regional Research Laboratory,? New Orleans, Louisiana 


Abstract 


Research is under way at the Southern Regional Research Laboratory to improve 
cotton by resin treatment to strengthen its competitive position with respect to other 
fibers. In preliminary stages of the work, garments were finished using improved 
formulations and improved methods of curing which yielded garments which are truly 
wash and wear in that they may be machine laundered, dried, and worn without ironing. 
Attention is now being concentrated on attempting to perfect a finish aimed particularly 
at men’s “no muss” summer weight dress cotton suits and slacks, an 180 million square 
yard per year market of which cotton now holds only about 11%. 

In the phase of the work reported here, both fundamental and practical studies have 
been conducted on a “recuring” process, proposed by the National Cotton Council of 
America, in which cotton goods, already treated with resin and cured, are made into 
garments and aftercured by careful introduction of catalyst. The creases, pleats, cuffs, 
and so forth are then set by heat curing. Creases so introduced are not as durable to 
laundering as those which can be set in the fabric on an initial cure, but they compare 
favorably with those found in worsted wool garments. Two possible mechanisms for 
the recuring process are suggested and evidence in favor of each hypothesis is given. 
Results on the recuring of both laboratory and commercially resin-treated cotton fabrics 


are reported. 


Introduction 


At the Southern Regional Research Laboratory, 
work is in progress to increase the utilization * of 


cotton by development of improved resin-treated 
wash and wear cotton garments which are not only 
wrinkle-resistant but which are also capable of hold- 
ing a pressed-in crease where this is desirable. Much 
of the research is in cooperation with the National 
Cotton Council of and 
organizations. 

Although no iron cotton dress shirts and khaki 
work trousers recently have come on the market, 
many are not fully acceptable because drip drying 
is necessary and usually some ironing is needed. 
Also, some of the shirts have a tendency to show 
seam pucker, which mars the appearance, some de- 
velop a yellow color because of sensitivity to light, 
and the trousers examined have lost their crease 
after very few launderings. 


America some industrial 


It should be possible, 


1 Presented at the Sixth Chemical Finishing Conference 
sponsored by the National Cotton Council of America at 
Washington, D. C., October 2, 1957. 

2 One of the laboratories of the Southern Utilization Re- 
search and Development Division, Agricultural 
Service, U. S. Department of Agriculture. 


Research 


however, to improve greatly the launderability of 
such garments. 

At the Fifth Chemical Finishing Conference in 
1956, preliminary reports [6, 9, 12] were made on 
short exploratory studies to determine the possibility 
of applying finishing agents to cotton garments to 
obtain durable creases and shape-holding qualities. 
A formulation containing dimethylol cyclic ethylene 
urea (CEU) It was recognized that 
many technical difficulties would be encountered in 
applying such a finishing agent to garments rather 
than to yard goods. 


was used. 


The hope was expressed, how- 
ever, that the quality of the product would compen- 
sate for the extra expense. 

In continuing that work, two specific objectives 
have been emphasized: (1) the production, by treat- 
ment in garment form, of an “ideal” wash and 
wear cotton garment and (2) the development of a 
method for imparting crease retention to cotton resin 
treated as yard goods. This paper, which is a fur- 
ther progress report, is concerned mainly with the 
latter subject. 

However, mention will first be made of the status 
of work in progress on methods for producing an 
ideal, or at least superior, cotton wash and wear 
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garment. Variations in formulation have been made 
and the qualities of the products carefully evaluated. 
For example, variations in the CEU formulation 
mentioned have been developed to overcome the 
great tendency toward wet soiling of treated fabrics 
under the conditions used in commercial laundering. 
Although the wrinkle-resistant cotton finish is af- 
fected very little by the hypochlorite bleaching used 
in home and commercial laundering, the acid sour 
used by some commercial launderies may have an 
adverse effect upon the finish. These various in- 
vestigations will be reported in more detail in sepa- 
rate publications in the near future. 

A number of excellent cotton garments which are 
truly wash and wear have been produced at the 
Laboratory using the CEU formulation ; that is, they 
were ready to wear after being laundered in a home 
type washer and dryer; moreover, they did not 
develop the undesirable seam pucker which mars 
many so-called wash and wear garments. Among 
many samples made to date, there are a cotton shirt 
which is still presentable after 51 hand launderings, 
a pair of sport denim trousers which retain a good 
crease after 19 launderings, and a dress with wide 
box pleats which appears as though it had been 
freshly ironed after laundering. Chemical costs were 
low, averaging 2-4¢ per garment, but the labor cost 
was high because of the time required to iron the 
fabric and the need for a careful job. 

In an attempt to reduce the cost of processing, a 
research contract has been drawn up with the Na- 
tional Institute of Drycleaning to investigate the use 
of commercial drycleaning equipment for treatment 
of garments. This work is the subject of a separate 
report by the Institute [7]. 

The work on this phase of the problem may be 
summarized by stating that wash and wear cotton 
garments which are eminently satisfactory and supe- 
rior in many respects to synthetic fiber garments 
GEU formulation. A 
number of faults still exist, such as reduced tear and 


may be prepared, using a 


abrasion resistance and difficulties of application. 


From examination and test of these first products, 
however, it appears that cotton should be able to 
attain a commanding position in the field of wash 
and wear garments. 


Durable Creasing of Resin-Treated Cotton 


Efforts toward developing a process for producing 
wash and wear cotton garments have been largely 
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in the direction of working out a practical process 
for imparting durable creases to garments made from 
cotton yard goods which had already been resin- 
treated for wrinkle resistance. Studies have been 
made also on the mechanism by which such creases 
can be introduced. A method of producing durable 
creases would be particularly useful in the manu- 
facture of garments requiring creasing after manufac- 
ture, such as men’s trousers or some types of pleated 
skirts. In the 180 million yard per year market for 
men’s dress suits and slacks, cotton’s share is only 
about 11% of the total consumption. A resin treat- 
ment which would impart good wrinkle resistance, 
combined with a method of imparting reasonably 
durable should enable increase 


creases, cotton to 


greatly its share of this market. Beautifully woven 
and 
worsted in appearance and feel are already avail- 


patterns resembling fine cashmere, tweeds, 


able in cotton fabrics. They would provide excellent 
basic fabrics for the manufacture of outerwear, par- 
ticularly men’s dress slacks and suits, if they also had 
the no-muss quality of wool and its ability to hold 
With such 


to laundering and wet pressing of the creases would 


creases. garments the utmost durability 
probably not be necessary, provided other qualities 
were satisfactory. It is believed that ultimately these 
properties can be imparted to cotton by appropriate 
treatments. 

In April 1957, at a meeting of interested parties, 
Buck and Getchell [3] of the National Cotton Coun- 
cil of America demonstrated a process, on which they 
had applied for patent rights, by which resin-treated 
cotton garments could be recured. In this process, 
a sample of resin-treated cotton was creased by ap- 
plying a solution of acid catalyst to the portion of 
cloth to be creased and then heat-setting the crease 
with a hand iron. In some cases better results were 


obtained by including a diluted CEU formulation 


with the catalyst. It was suggested that the acid 
solution of cataly st partially hydrolyzed the cross- 
linked cotton and then established new cross-links 
under the influence of the catalyst when the cotton 
was ironed dry. Studies were begun immediately 


at this Laboratory on this recuring process. 


Preliminary Trials on Recuring 


Preliminary tests were run on samples prepared in 
the laboratory. The main effort was directed toward 
recuring cotton print cloth which had been treated 
with the CEU 


formulation. Later a resin-treated 
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cotton suiting material was obtained from a local 
suit manufacturer and attempts were made to impart 
durable creases by recuring. Following this, eleven 
representative samples of commercially finished resin- 
treated cotton fabrics of various kinds were pur- 
chased and the recuring characteristics investigated. 

The results of the preliminary tests were somewhat 
confusing. In some cases reasonably good creases 
could not be obtained by the Buck-Getchell process, 
while in others the use of water and ironing gave 
creases which were as good in laundering resistance 
as those obtained with the catalyst solution. In 
general, however, it was observed with the CEU 
formulation that if the resin-treated cotton were given 
a “hard cure,” for example, 2 at 160°C. 
(320° F.), recuring gave very poor creases which 
_ practically disappeared on laundering. If “mild” 
curing temperatures were used in the first curing, 
for example, 4 min. at 100° C. (212° F.), recuring 
could be carried out more successfully. 
hyde was evolved during recuring. 

In order to resolve these observations, a study 
was made of some of the factors involved. 


min. 


Formalde- 


Possible Mechanisms of Recuring 


In considering the mechanisms of recuring, it is 
unfortunate that the exact mechanism by which CEU 
imparts wrinkle resistance to cotton is not known. 
Studies on the fundamental mechanism are now being 
conducted at the Southern Regional Research Lab- 
oratory. However, it is probable, and is assumed 
for the present, that cross-linking of the cellulose 
occurs and that any linkage of CEU or a polymer 
of CEU to the cellulose is through a methylene ether 
linkage. It is not known whether one or several 
CEU molecules are involved in the cross-linking 
chain. 

At least two mechanisms of recuring are possible. 
In one already mentioned, the acid catalyst solution 
may be viewed as hydrolyzing the cross-linking resin 
by breaking the methylene ether linkages and then 
forming new cross links on drying. It is somewhat 
difficult to reconcile this mechanism with the fact 
that a hard-cured sample is extremely difficult to 
recure. An alternative theory is that the recuring 
step merely completes or further cures a partially 
cured fabric by reacting unbound resin with the 
cellulose. This unbound resin might be present in 
a cured sample which had not been given a process 
wash. Possibly there is some CEU which is bound 
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to the cellulose by only one linkage, leaving a second 
free methylol group to react with the cellulose on 
recuring. It is well known [10] that many com- 
mercially cured resin-treated fabrics undergo further 
curing on standing, as is evidenced by the fold marks 
which occur in such cotton. Many of these fabrics 
have not been given a process wash after curing and 
thus still contain the catalyst. 

In order to obtain information on the mechanism 
of recuring, some of the variables of resin curing 
For these studies a_ boiled, 
bleached, and desized 80 x 80 white cotton print 
cloth, 3.2 oz./sq. yd., was padded with a solution 
containing 9% CEU (Rhonite R-1)* and 1.5% of 
a 35% solution of a modified zinc nitrate catalyst 
(Rohm & Haas Catalyst H-7).*° The wet fabric was 
mounted on pin frames, dried at 60° C. (140° F.) 
for 7 min. in a mechanical convection oven and cured 
With 
good curing, a 5% add-on was generally obtained on 
the cloth, The CEU-treated cloth then contained 
approximately 1.4% nitrogen. 


Time of Curing 


In order to determine if a partial cure was ob- 


were investigated. 


under various conditions as indicated below. 


tained, the cloth was cured for various periods of 
time, from 15 sec. to 7 min., at a temperature of 
120° C. (248° F.). This is considerably lower than 
the temperature of 174° C. (345° F.) for 1 min. 
recommended by the manufacturer of Catalyst H-7. 


3 The mention of trade names and firms does not imply 
their endorsement by the Department of Agriculture over 
similar products or firms not mentioned. 


Effect of Time of Cure on CEU Resin-Treated 
Cotton Print Cloth at 120° C.* 


TABLE I. 


Wrinkle recovery angle, 
warp + filling, 
degrees 


Time, 
min. % Nitrogen 
161 .39 
162 24 
281 .24 
288 34 
290 34 
287 34 
284 34 
288 33 


* Fabric padded in 9% CEU solution containing 1.5% cata- 
lyst H-7, dried 7 min, at 60° C., and cured at 120° C. for the 
time indicated. Samples were process washed, dried, and 
tested. 

¢ Tested immediately after drying at 60° C. without process 
wash. 
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It is stated that although good wrinkle resistance 
may be obtained at lower temperatures, the chlorine 
resistance is not as good [2]. This may indicate 
some variation is possible in the degree of cure. 

The degree of curing was judged in the present 
study by the wrinkle recovery angle [1] and the 
amount of nitrogen remaining after a process wash. 
As may be seen from Table I, 30 sec. gave a maxi- 
mum cure, while 15 sec. was almost as good. 

Even at room temperature (21° C., 70° F.), a 
sample was found to cure nearly completely in 26 
days. 
261 and the nitrogen content 
was 1.02% after washing, as compared to 1.44% 
with a well-cured control. 


The cloth had a wrinkle recovery angle of 
(warp plus filling), 


In a similar experiment 
where the cloth was dried initially at 60° C. (140 
F.) for 7 min., the cloth cured at a steady rate on 
storage, as indicated by the data given in Figure 1. 
Temperature of Curing 

The effect of temperature was examined further 
by curing cloth containing CEU for 30 sec. over a 
160° C. 
sultant wrinkle recovery and the amount of nitrogen 


range of temperatures from 60° to Re- 
remaining after a process wash are shown in Figures 
2 and 3, respectively. It can be seen that the maxi- 
mum cure, as judged by these two criteria, is reached 
at approximately 120° C. (248° F.) and that nitro- 
gen content and wrinkle recovery are closely related 
to each other. 


WRINKLE RECOVERY, WARP + FILL, DEGREES 


10 5S 20 25 30 
STORAGE TIME,DAYS 


Fig. 1. 


Effect on wrinkle recovery angle of storage at room 
temperature (70° F.). 
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It should be remembered, however, that further 
reaction might take place at higher temperatures even 
though the nitrogen content and wrinkle recovery 
were not greatly affected. 


Effect of Hydrolysis on Wrinkle Recovery 


It is well known thaf the CEU resin is susceptible 
to acid hydrolysis [4]. Mazzeno and co-workers 
[11] have shown that a solution with a pH below 
4 strips most of the CEU resin from cotton with mild 


heating. Following the suggestion that the first step 
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Effect of curing temperature on wrinkle 
recovery angle. 
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Fig. 3. Effect of curing temperature on nitrogen content. 





246 


in recuring is a breaking of the CEU resin linkage 
to cellulose by the hot acidic solution of the catalyst, 
the hydrolytic effect of a solution of Catalyst H-7 
was investigated. At room temperature this solution 


TABLE II. Hydrolysis of CEU Resin-Treated Cotton in 
4.5% Solution of Catalyst H-7 (80° C.) 


Wrinkle 
recovery angle, 
warp + filling, 

degrees 





Time of 
treatment, 
min. 


% Resin 
% Nitrogen loss* 
0 (Original) 
1 
5 
10 
12.5 
15 
20 
30 


294 
288 
285 
280 
280 
273 
268 
242 


—_ i tt 

“Ie mM Oe tS 
_ 
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=a ‘ 
10 = = = BN Nh 


= 
ww 


~ 
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* Percent of applied resin lost on hydrolysis. 


TABLE III. Hydrolysis with Catalyst H-7 of CEU-Treated 


Cotton Print Cloth 


Time of boil, 
min. 


% Resin 


% Catalyst % Nitrogen losst 


0 1.49 
1.36 
1.43 
1.43 
1.20 


0 
10 
Watert 10 


* Cloth cured for 4 min. at 160° C. (320° F.). 
t Cloth cured by ironing (about 30 sec. at 160° C.). 
t Percent of applied resin lost on hydrolysis. 


TABLE IV. Recuring of CEU-Treated Cotton Print Cloth 


Wrinkle recovery angle, 
warp + filling, degrees 


% Nitrogen 





Same, 
recuredt 


Same, 


Original Original recured 


| 
<3 
++ | 


9 7 169 
0.52 7 233 
0.64 250 
1.03 85 271 
1.19 280 
1.32 29: 292 


—m—eme OO 
eoOnonnw 
CNR sh 


* Each sample was treated with different bath concentra 
tions of CEU-resin, dried 7 min. at 60° C., cured 4 min. at 
160° C., and process washed. 

t Recured by padding in a 4.5% solution of catalyst H-7, 
dried, and cured 6 min. at 160° C. 

¢ Untreated control. 
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is only mildly acidic, with a pH of 5.8. However, 
at higher temperatures and with the increase in con- 
centration on heating which occurs in the recuring 
process, the H-7 solution is apparently an effective 
hydrolyzing agent. As shown ir: Table II, with a 
well-cured sample at 80° C. (176° F.), 30 min. heat- 
ing is required to remove 39% of the resin using 
a 4.5% solution of H-7. 
wrinkle resistance decreased with loss of nitrogen. 


As would be expected, 


Another sample was cured by ironing for about 30 
sec. at 160° C. (320° F.). Boiling in water for 10 
min. removed 21% of the resin, while boiling with 
a 4.5% solution of H-7 removed 84%. A third 
sample was well cured (160° C. for 4 min.) and 
boiled for 1 
H-7. 
resin was 
Table IIT. 


The effect of hydrolysis was studied further by 


with different concentrations of 
15% solution of H-7, 19% of the 
These are summarized in 


min, 
With a 


lost. data 


preparing a series of samples which were partially 
hydrolyzed to various nitrogen contents by warming 
at 80° C. (176° F.) with a solution of 5% 
1.5% 
ing. 
tents was prepared under the usual conditions of 
for 4 
After hydrolytic removal of part of the resin, 


urea in 
phosphoric acid, followed by thorough wash- 
Another set of samples with similar resin con- 


resin impregnation and oven curing at 160° C. 
min. 
the wrinkle recovery was not as great as for a sample 
with the same nitrogen content prepared in the usual 
manner. In Figure 4 are shown the curves obtained 
when wrinkle recovery is plotted against nitrogen 
content. The “A” the 
sample was treated in the usual manner and “B” 


curve was obtained when 


TABLE V. Recuring of Partially Hydrolyzed CEU-Treated 
Cotton Print Cloth 


Wrinkle recovery angle, 
% Nitrogen warp + filling, degrees 


Hydro- 
lyzedt 


Hydro- 
lyzed 


Same, 
recured{ 


Same, 


Original* recured 


23°" 
0.93 
0.56 
0.44 
0.27 


1.19 
0.86 249 249 
0.52 200 227 
0.31 194 212 
0.25 174 202 


285 280 


ht tS hb 


Nm NM NN bh 


* Padded with 9% CEU solution containing catalyst, dried 
7 min. at 60° C., cured 4 min. at 160° C., and process washed. 

+t Hydrolyzed at 80°C. in solution of 5% urea and 1.5% 
phosphoric acid. 

t Padded with 4.5% solution of catalyst H-7, recured 6 min. 
at 160° C., and process washed. 

** Original, not hydrolyzed. 
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curve when the resin coritent was obtained by partial 
hydrolysis. 

By this method of partial hydrolysis, a type of 
partially cured resin-treated cloth was produced. 
According to previous experience, it should not be 
possible to further cure the highly cured samples 
represented by curve “A.” This proved to be true, 
as shown in Table IV. On the other hand, it ap- 
peared possible to improve the wrinkle recovery of 
When 


this was tried, the wrinkle recovery angles improved, 


the partially hydrolyzed resin-treated cotton. 


as shown in Table V. 

Hydrolysis has removed part of the resin. Pre- 
sumably some is untouched; it may be that a small 
amount of the CEU cross-links are broken only on 
one end. If the distribution of the remaining resin 
could be determined accurately, it would probably 
be found that most of the hydrolyzed resin had been 
lost from the more accessible areas. On recuring 
it may be possible for redistribution of the remaining 
resin to occur and for any singly bound resin to 


form new cross-links. 


Discussion of Recuring 
In reviewing the experimental facts with the object 
of explaining the mechanism of recuring, considera- 
tion must also be given to what is known of the 
chemistry of the methylol amides. 
The reaction of an alcohol with methylol amides 
[14] proceeds as follows: 


Acid catalyst 
ROH + HOCH.N pn cr 


ROCH.N + HO 


Furthermore, the HOCH,N 


may break to yield 


HN 


and formaldehyde. 


It should be noted that the reaction is reversible 
the 
alcohol is cellulose, it may be assumed that the re- 


and catalyzed by acid in both directions. If 


action proceeds from left to right in the curing oven, 
the (at about 
150° C.) is removed from the sphere of action by 


since the water formed in reaction 
vaporization, thus driving the reaction toward com- 
pletion. 

When CEU resin is stripped from cloth by the 
action of an acid such as a solution of urea phosphate, 
the reverse reaction is operative. The aqueous acid 
used, usually with a high ratio of liquor to cloth, 
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gives a high concentration of water, and the reaction 
is promoted in the opposite direction by the catalyst. 

If it is assumed that cross-linkage takes place in 
making cotton crease resistant with CEU, the attach- 
ment of the CEU to the cellulose is probably through 
the methylene ether link shown above. Steele and 
Giddings [13] have shown that urea-formaldehyde 
resins probabiy cross-link cellulose through a chain 
of urea formaldehyde residues averaging 2 


With CEU, the linkage could be directly through 


units long. 


one CEU unit or, more likely, through a chain of 
several CEU units. The linkage could be as follows, 
resulting from elimination of water from the meth- 


ylol groups: 


It would be possible to lose formaldehyde from the 


above unit to yield 


Cooke et al. [4] produced a polymer by heating 
CEU 130-135° C. 
with no accelerator for 4 hr. and obtained a polymer 
The work of Frick 


and co-workers [5] has indicated the 


monomeric without cellulose at 


approximately 17 units long. 


presence ol 
N — CH.N 


groups in resins formed from CEU 


with catalyst but without cellulose. This type of 
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WRINKLE RECOVERY, WARP + FILLING, DEGREES 


04 06 o8 
% NITROGEN 


Fig. 4. 


Effect of acid hydrolysis on wrinkle recovery angle 
as compared to nitrogen content. 
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linkage also predominates in urea-formaldehyde pol- 
ymers formed with acid catalysis [13]. The meth- 


ylene bonds of Type II should be more stable than 
the methylene ether bonds of Type I. Obviously the 
methylene ether link to the cellulose would not be 
particularly stable toward acid hydrolysis [14]. 


Mechanism of Recuring 


We are ready now to speculate upon the mecha- 
nism of recuring, specifically the recuring of a CEU 
resin-treated cotton with a solution of modified zinc 
nitrate catalyst such as H-7. It has been shown that 
even though the pH of a solution of H-7 is only 
slightly on the acid side at room temperature, under 
some conditions it is effective in stripping (hydro- 
lyzing) the CEU resin. Therefore, it may be as- 
sumed that when resin-treated cotton is folded, 
moistened with the acid catalyst solution, and heated 
with an electric iron, the hot acid solution breaks a 
number of cross-links, regenerating the methylol 
amide groups. However, as soon as the cloth dries 
at an elevated temperature, the reaction tends to 
proceed in the opposite direction with the formation 
of new cross-links between cellulose molecules. The 
cloth being in a creased position, the new crease is 
set into the fabric. Formaldehyde may be produced 
and evolved by side reactions from hydrolyzed resi- 
dues. This would account for the odor of formalde- 
hyde noted during recuring. In the recuring action 
it is most improbable that all of the original cross- 
links are broken and also that all of the ones which 
are broken are reformed. This may be due to the 
limited amount of catalyst solution available, the 
short time of reaction, and inability of the catalyst 
solution to completely penetrate all of the cross- 
linked area. Therefore, the newly established crease 
is not as permanent as a crease which may be put 
in originally. 

From the data shown in Figures 2 and 3 and 
Table I, the explanation that recuring is a completion 
of a partially cured sample seems unlikely. A good 
cure, as evidenced by wrinkle resistance and nitrogen 
retention, is rather easily obtained under a wide 
range of conditions. Furthermore, even without a 
high temperature cure, after 26 days at room tem- 
perature the wrinkle resistance is excellent and the 
nitrogen retention is fair. 

On the other hand, the evidence suggests that 
there may be varying degrees of cure in some cases, 
because fold marks do occur in commercially treated 
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cloth on standing. Large quantities of yard goods 
are sold without a final washing. Since cross-linking 
is not 100% efficient, unreacted resin and catalyst 
are present. If linkages of the kind indicated in 
Type I above are present, they might be rearranged 
to Type II with loss of formaldehyde to cure in the 
fold marks. 

To summarize the above discussion, it is suggested 
that the resin-treated cotton is cross-linked with a 
combination of Type I and Type II linkages, depend- 
ing upon the degree of cure given to the fabric. 
Methylene ether linkages, either between the resin 
and the cellulose or in the CEU chain, are easily 
susceptible to acid hydrolysis at elevated tempera- 
tures. Ifa hard cure is given the fabric, the hydroly- 
sis is less effective, both because there are fewer 
weak links and because the catalyst solution has 
difficulty in penetrating the cross-linked nonswellable 
regions of the cellulose. However, if hydrolysis 
occurs, then new cross-links may be formed in the 
presence of the catalyst when the cotton is dried or 
cured at high temperatures. In many cases the addi- 
tion of a small amount of CEU resin is advantageous, 
because it supplies the additional resin (or formal- 
dehyde) needed to give a better cure. 


Practical Aspects of Recuring Resin-Treated 
Cotton 


Along with the work detailed above to elucidate 
the mechanism by which recuring occurs, studies 
were undertaken to attempt to determine practical 
methods for imparting durable creases to resin- 
Cloth 
samples were prepared in the laboratory as described 
above, with the initial curing either in an oven or 


treated cotton by the recuring technique. 


by hand ironing. To correspond with usual com- 
mercial practice, the samples were not ordinarily 
given a process wash and rinse before recuring was 
attempted. In addition, a number of cgmmercially 
available resin-treated cottons were obtained and re- 
cured. Cloth samples were treated with the catalyst 
solution and creased with a hand iron. The creases 
were examined after a 3-min. process wash and rinse 
with drip drying. Creases were classified as poor, 
good, very good, and excellent. Those in the last 
three classifications were subjected to a 20-min. home 
type laundering in an apartment-size washing ma- 
chine. After each laundering, the samples were drip 


dried in a mechanical convection oven for 5 min. at 
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105° C. and graded. Launderings were continued 
through 12 cycles or until the creases failed. 


Laboratory Treated Cottons 


A large amount of work was done in an attempt 
to recure successfully CEU treated cotton. The 
factors considered were original curing conditions, 
the concentration of catalyst in the CEU formulation, 
and the concentration of catalyst used in recuring. 

In general, it was found that a cotton treated with 
the CEU formulation and well cured could not be 
creased successfully by recuring, whether the residual 
catalyst was washed out or not after the initial cure. 

Attention was then turned to the effect of using 
different amounts of catalyst for both the initial cure 
and the recure and the effect of varying the tempera- 
if the 
either due 


ture of the initial cure. It was found that 
initial cure conditions were rather mild, 
to using little or no catalyst or to using a low tem- 
perature of cure, resin remained soluble and migrated 
or dissolved when the recure was attempted, so that 
On the other hand, 


when the initial cure was fairly complete the cloth 


good creases were not obtained. 
resisted the recuring effect. For example, when a 
4-min. cure was given either at or below 100° C 
(212° F.) or above 120° C. (248° F. 


were not durable to more than about 6 launderings. 


), the creases 


However, when the initial curing took place between 


these temperatures, particularly when the catalyst 


TABLE VI. 


Fabric recured, as received 


Commercial cotton fabric 


Wrinkle 


recovery 


Wrinkle 
recovery 
angle, 

w +f, deg. 


angle, 

Description Resin* w-+f, deg. 
Gingham 
Gingham 
2 X 1 Poplin 

suiting 
Gingham 
Print cloth 
Faille 
Cotton suiting 
Cotton suiting 
Tweed type 

suiting 
Print cloth 


Twill 


MF 
MF 


* CEU: Dimethylol cyclic ethyleneurea ; UF : Urea-formaldehyde; ! 


+ E: Excellent; VG: Very Good; G: Good; P: Poor. 


With Catalyst H-7 


appearance 


249 


concentration was increased three-fold, the creases 
recured into the fabric were durable through 12 or 
more laundry cycles. The creases were rated excel- 
lent after about 9 launderings and were still very 
good after 12 launderings. As can be seen from the 
data in Figure 3, the temperature range from 100 to 
120° C. is the range in which the resin becomes fixed 
in the cotton. 

The sample of cotton treated with CEU and stored 
for 29 days—the wrinkle resistance data for which 
are shown in Figure 1—was similarly recured. The 
creases were good after 12 launderings. 
the the 
laboratory, cotton treated with a CEU resin formula- 


From above results it appears that, in 


tion with proper conditions of application and cure 
may be successfully recured. However, there still 
remains much work to be done in order to establish 
conditions of cure which would be practical for com- 


mercial work. 
Commercially Treated Cottons 


A number of representative commercially treated 
cotton fabrics claimed to be crease resistant or wash 


and wear were purchased locally. These resin- 


treated fabrics represented a wide range of cloth 


types from gingham to suitings and twills. They 


were the products of a number of prominent mills 


f 
and had been finished with various types of methylol 


resins. The individual resin finishes were identified 


Durable Creasing Studies on a Variety of Commercially Resin-Treated Cotton Fabrics 


Fabric recured, after washing 


With 
Catalyst H-7 


With water 
With water 


Crease 
appearance 


Creaset Crease Crease 


appearance appearance 

E 
VG 
VG 


VG 
VG 
VG 


VG G 
VG VG 
VG G 


VG P P 
VG G P 
E G P 
VG VG VG 
E G G 
VG VG VG 


VG VG G 
VG P P 


*: Melamine-formaldehyde. 
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by the spot test method of Howard [8] and are listed 
in Table VI. In some cases the test results were 
not as clear-cut as those obtained with known resins; 
this may be the result of resin blending and com- 
pounding. The wrinkle recovery angles of these 
fabrics were determined and showed a wide range of 
wrinkle resistance varying from excellent to poor; 
ie., from 279 to 186° (warp plus filling). 

A 4.5% solution of Catalyst ‘H-7 was applied to 
the fabrics, and they were recured with a hand iron 
to set in creases. The fabrics were given a process 
wash and were drip dried. The wrinkle recovery 
angle was measured and the quality of the creases 
was observed. In some cases the wrinkle resistance 
was slightly increased, while in others it was slightly 
decreased. The quality of the creases varied from 
excellent to very good. When a control set was 
recured with water instead of the acid catalyst solu- 
tion, creases were obtained which were almost as 
good as with the catalyst solution. It was assumed 
that the excellent results on recuring with water were 
due to residual catalyst in the fabric, probably due 
to the fact that it had not been thoroughly washed by 
the manufacturer after resin treatment. 

A portion of each of the cotton samples was ex- 
tracted with distilled water and the pH of the extracts 
determined with a pH meter. All of the extracts 
were on the acid side, with values ranging from 4.6 
to 6.5, indicating that residual catalyst was present. 
A portion of each of the original fabrics was washed, 
In the 
majority of the cases, as shown in Table VI, the 


dried, and recured with catalyst solution. 


crease obtained was considerably poorer than that 
obtained when the same technique was used with the 
unwashed sample. Undoubtedly there was a more 
uniform penetration and distribution of catalyst in 


the original mill treatment than was obtained in the 


recuring procedure, and this contributed to the supe-: 


rior creases of the unwashed samples which were 
recured. When residual catalyst was removed by 
washing, the catalyst which was applied in the recur- 


ing technique did not achieve the thoroughness and 


uniformity of distribution which is apparently neces- 


sary for good creases. After 6 laundering cycles the 
durability of the creases was no better than good in 


any case. 


Retreatment 


When CEU or the CEU formulation containing 
acrylate and silicone was added to the catalyst solu- 
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tion for recuring, the procedure was called retreat- 
ment to differentiate it from the other method. The 
addition of CEU alone to the catalyst in recuring 
was helpful in some cases, but the difference in 
The addition 
of the CEU-acrylate-silicone formulation, however, 
was distinctly helpful. 


quality of creases was not striking. 


Removal of Resin and Retreatment 


As a matter of interest to determine whether good 
creases could be set in the various types of fabrics 
used, the resins were stripped with a 1.5% phos- 
phoric acid—5% urea solution and treated with the 
usual CEU-acrylate-silicone formulation, the creases 
being set with a hand iron. With the exception of 
the tweed type suiting, which had a good crease, all 
of the creases were excellent or very good. 


Discussion of Practical Recuring 

It may be concluded from the series of experiments 
just described that generally it is difficult to introduce 
durable creases into resin-treated fabrics. However, 
in some cases it is possible to obtain reasonably dur- 
able creases merely by dampening and ironing the 
fabric. The effectiveness of recuring is influenced 
by a number of factors, particularly the type of resin, 
fabric construction and weight, and the processing 
history of the individual fabric. Too, there are a 
number of disadvantages in recuring when the cat- 
alyst solution is added during the creasing process. 
Among these disadvantages are water marks on cer- 
tain types of fabrics, the possibility of migration of 
resin, the cost of the hand work involved, and the 
(In 
the latter case, the acid catalyst solution may damage 


possibility of scorching or damaging the fabric. 


the fiber unless resin is present to act as a buffer. 


Where the catalyst solution causes the resin to 
migrate, scorching may occur. ) 

On the other hand, in some cases resin-treated 
fabrics have been treated successfully to obtain 
creases which are durable to laundering and which 
present a good appearance after drip drying. It 
should be pointed out that the khaki work trousers 
which are being advertized as “no iron” are making 
practical use of a type of recuring. In this case the 
trousers are made from resin-treated cotton which 
has not been washed after curing. When the trouser 
manufacturer dampens the cloth and presses it, the 
residual catalyst present causes a recuring and the in- 


troduction of desirable creases plus a certain amount 
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of wrinkle resistance. Unfortunately, the creases 
seen in samples examined so far have been unsatis- 
factory without some ironing after the first two or 
three launderings, although the fabric itself is smooth 
on drip drying. The basic idea, however, is sound, 
and it is possible that it may be developed further, 
both by selection of resin or resin combination with 
conditions of cure in the cloth and with addition of 
catalyst and resin in the pressing step to give a more 
satisfactory product. 

In a study of the practical aspects of recuring, it 
was found that cotton treated with CEU could be 
recured under some conditions. Several commer- 
cially treated cottons containing various types of 
methylol resins were recured with different degrees 
of success. Those cottons containing catalyst from 
the initial curing were more easily recured. 

It is concluded that a reasonably durable crease 
probably may be obtained by the recuring of resin- 
treated cotton provided the resin, catalyst, and initial 
curing conditions are properly selected. However, 
more work must be done before optimum conditions 
can be outlined which will be of practical value for 


commercial use. 


Summary and Conclusions 


Under proper conditions of resin application and 
cure, it is possible to produce a cotton garment which 
has excellent wash and wear characteristics. 

If a garment is made from resin-treated wrinkle- 
resistant cotton, it is sometimes possible to introduce 
It is 
necessary that catalyst and water be present when 


a reasonably durable crease into the garment. 
the crease is set in the garment by heat. This process 
is termed recuring. 

The mechanism of recuring has been studied and 
the effect of a number of variables determined. It 
has been found that curing with dimethylol cyclic 
ethylene urea (CEU) occurs at a very rapid rate at 
high temperatures. However, even at room tem- 
perature, in 26 days excellent wrinkle resistance is 
obtained. If the CEU resin is poorly cured, as for 
4 min. at below 100° C., or, on the other hand, if it 
is well cured, as for 4 min. at above 120° C., the 
recuring process gives creases of poor durability. 

Acid solutions at elevated temperature hydrolyze 
the CEU resin very rapidly. Hydrolysis also occurs 
with hot solutions of the resin cataly st used, a modi- 
fied zine nitrate, as indicated by loss of resin and 
changes in wrinkle resistance. 
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It is suggested that the CEU resin is probably 
cross-linked in the cellulose through methylene ether 
linkages, some of which are hydrolyzed under the 
influence of the acidic catalyst solution and heat. 
When the cloth becomes dry during recuring, new 
from the CEU residues 
CEU 


initially probably mi- 


cross-links are established 
present under the influence of the catalyst. 
which has been poorly cured 
grates with the solution and gives a poor crease. 
CEU resin which has been well cured probably re- 
sists the hydrolytic action of the acid solution by 
cross-linking the cellulose and making certain regions 


less available for reaction. 
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The Application of Resin Finishes to Cotton 
Garments Using Drycleaning 
Plant Equipment’ 


Robert T. Graham, Fred Loibl, and Joseph R. Wiebush 


National Institute of Drycleaning, Silver Spring, Maryland 


Abstract 


Preliminary results are given from a study of the application of a resin finish to 


cotton garments using drycleaning plant equipment. 


Cotton fabric swatches of various 


constructions, including print cloth, denim, sateen, cord, broadcloth, gingham, corduroy, 


and suiting materials were used. 


The objective of the work is to impart wrinkle resistance and desirable permanent 


creases to cotton garments. 


A tentative procedure for the resin treatment has been devised which has proven 
effective on various weaves and weights of cotton fabrics. 
The cost of application of the resin finish to cotton cord suits in a drycleaning plant 


has been estimated. 


Introduction 


The National Institute of Drycleaning has been 
studying the feasibility of application of crease reten- 
tive, wrinkle resistant finishes to cotton fabrics and 
garments. The ultimate objective of the work re- 
ported here is to impart wrinkle resistance and 
desirable permanent creases to finished cotton gar- 
ments by the use of conventional drycleaning plant 
equipment; such equipment has been described pre- 
viously [2]. 

The approach to this work has been to determine 
which conditions produce the optimum finish on a 
particular fabric construction within the rather rigid 
limits of curing imposed by conventional drycleaning 
plant equipment. An 80 x 80 cotton print cloth was 
used to establish the basic method, and the procedure 
was used, with slight modification, on various other 
weaves and weights of cloth. The method was then 
extended to treatment of cotton cord suits in a dry- 
cleaning plant and cost estimates of such treatment 
were made. 


1A report of work done under contract with the U. S. 
Department of Agriculture and authorized by the Research 
and Marketing Act of 1946. The contract is being super- 
vised by the Southern Regional Research Laboratory, South- 
ern Utilization Research and Development Division, Agri- 
cultural Research Service. Presented at the Sixth Chemical 
Finishing Conference, National Cotton Council, Washington, 
D. C., October 2, 1957. 


Experimental 
Resin Formulation and Application 


The resin formulation chosen for study has been 
reported previously [3, 4] and consisted of a water 
solution of the following commercially available com- 
ponents : 

% by weight 

Material * as received 
Thermosetting resin, cyclic ethylene 
urea type, 50% solids (Rhonite 
R-1) 
Thermoplastic resin, acrylic type, 
35% solids (Rhoplex S-1) 
Silicone emulsion, 40% solids (De- 
Cetex 104 emulsion) 
Metal salt-type catalyst, 35% solids 
(Rohm and Haas Catalyst H-7 ) 
Catalyst for silicone resin (Dow 
Corning Catalyst XEY-21) 
Nonionic surface active agent (Tri- 
ton X-155) 0.1 


its effec- 
tiveness for at least two months of storage in closed 
containers. 


The complete resin formulation retains 


2 The mention of trade names and firms does not imply 
their endorsement by the Department of Agriculture over 
similar products or firms not mentioned. 
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A tentative procedure has been devised which has 
proven effective on various weaves and weights of 


cotton fabrics. The procedure consists essentially of 


saturating the fabric with resin emulsion, 
extraction to 75% wet pickup, 

drying and curing on a hot-head press in a 
single operation, at a temperature of about 
300° F., 

aftercuring in a hot air cabinet at 175° F. for 
one or more hours, 

afterwashing the fabric, and 

final tumble-drying at 150° F. 


The resin formulation was applied and cured using 
the following standard drycleaning equipment : 


centrifuge (extractor ) 

hot-head press (steam ) 

hand finishing equipment (electrical ) 
hot air drying cabinet 

tumble dryer 


A series of temperature measurements was made 
on the hot-head press and on the hand electrical 
equipment by means of a Foxboro Temperature 
Recorder with an iron-constantan thermocouple of 
extremely fine wire. The temperature range on a 
hand iron for various settings was as follows: 


Dial setting Temperature range, © 
280-310 
330-360 
375405 
430-455 
475-500 


Rayon 
Silk 
Wool 
Cotton 
Linen 


Temperatures on the hot-head press were recorded 
by placing the thermocouple on the buck of the press 
and locking the head down. Temperatures were 
the 
Readings at each end were taken 1 in. from 


recorded at 9-in. intervals across the buck of 
press. 
the edge of the head of the press. Steam pressure 
during this test was 73-75 lb./sq. in. Temperature 
readings on the press were found to be 316—320° F., 
with no significant variation at various points on the 
press. 

Initial tests showed that 75% wet pickup could 


This 


be obtained conveniently with the centrifuge. 


means that 100 Ib. of dry fabric retains 75 Ib. of resin 


emulsion after extraction. 
For accurate measurement of wet pickup, the fab- 
ric was weighed dry and reweighed after extraction. 
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A specific time of extraction cannot always be as- 
sumed to produce a specific wet pickup. 

Pickups much higher than 75% tend to produce 
sticking on the hot-head press during subsequent 
drying and curing operations. 

The importance of not permitting the saturated 
fabric to dry out between extraction and curing was 
shown by early experiments. If the cloth is allowed 
to dry out, even at room temperature, a partial 


When the 


dried fabric is processed on the hot-head press to 


curing of the resin seems to take place. 


cure the resin, the surface of the fabric is less smooth 


than it should be. Under these conditions, many 
fine wrinkles which have cured into the cloth during 
the initial drying period are evident. Figure 1 shows 
the proportion of the resin which has been cured 
when fabrics were allowed to dry out at three dif- 
ferent temperatures for various periods of time. 
These results are similar to those previously reported 


by Reid and coworkers [4]. 


co) 
° 


Time (minutes) 


w 
o 


20 40 60 


% Resin Add-On 


80 100 


Fig. 1. Add-on vs. time at various temperatures. 
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The obvious method for handling the fabric is to 
dry it, shape it, crease it as desired, and cure the 
resin all in one operation. A hot-head press or hand 
finishing equipment may be used as required for any 
particular garment. Fifteen seconds drying and cur- 
ing time on a hot-head press is sufficient to dry the 
print cloth and produce a smooth surface. With a 
hand iron, the exact time will vary according to the 
area being finished. 

Permanent creases, along with wrinkle-resistant 
properties,» were desired from the resin treatment. 
Test fabric pieces 10 in. square were used. Samples 
were impregnated with resin emulsion, extracted to 
75% pickup, dried, 


shaped, and cured. Three 


creases were put into each sample. One crease was 
put in the warp direction, one crease in the filling 
direction, and one crease at a 45° 
warp and filling. 
subjective evaluation, with creases rated as excellent, 
gor od, fair, or poor. 


diagonal to the 
Sharpness of creases was rated by 


The resin content of the fabric was indicated by 
nitrogen analysis by a modified Kjehldahl technique. 
Wrinkle recovery properties were measured by the 
Monsanto wrinkle recovery test [1]. 

On an 80 x 80 cotton print cloth, a 15-sec. treat- 
ment on the hot-head press was sufficient to dry the 
fabric and cure the resin so that wrinkle recovery 
values of greater than 130° (warp direction) were 
obtained on the finished fabric. Sharpness of creases 
likewise was excellent. After ten washings in an 
agitator-type washing machine the warp crease re- 
covery value dropped below 120°; the crease sharp- 
ness also diminished. 

When this same type fabric was dried and cured, 


TABLE I. 


% Nitrogen 


Washed 
10 times 


Treated 

Curing conditions original 
Hot-head—15 sec. 
Hot-head—15 sec. plus 

1 hr. aftercure 
Hand iron (280—310° F.) 
Hand iron (280-310° F. 

plus 1 hr. aftercure 
Hand iron (330—360° F. 
Hand iron (330—360° F. 

plus 1 hr. aftercure 


1.03 0.71 


0.95 
0.69 


0.82 
0.02 


0.84 
0.86 


0.79 
0.65 


0.86 0.88 


E = excellent; G = good; P = poor. 
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using a hand iron at the “rayon” setting for 30 sec. 
(280-310° F.), the wrinkle recovery, as well as the 
crease sharpness, was very unsatisfactory even be- 
With the iron at the “silk” 
setting for 30 sec. (330-360° F.), crease sharpness 
was still unsatisfactory, although the wrinkle re- 


fore the ten washings. 


covery values were reasonably good. This particular 
resin formulation gave yellow discoloration on the 
cloth when temperature settings higher than the 


“silk” setting were used. 


Effect of Aftercuring Process 


Crease sharpness and wrinkle recovery were im- 
proved considerably by subjecting the fabric to an 
aftercuring process subsequent to pressing or hand 
ironing. Aftercuring consisted of hanging the fabric 
in a hot air cabinet with circulating air at 175° F. 
The time of aftercuring was one or more hours. 
Table I illustrates the effect and importance of the 
aftercuring process, especially upon samples which 
were originally dried and cured with the hand iron. 
Although the effects of the aftercure are less striking 
on fabrics which have been dried on the hot-head 
press, many garments, because of styling, have areas 
which must be finished by hand. The aftercuring 
process would appear to be particularly important, 
especially on areas of garments where several thick- 
nesses of fabrics are involved. Good wrinkle re- 
sistant, crease retentive properties can be obtained if 
the cloth is dried, shaped, and smoothed with the 
press or the hand iron, provided final curing of the 
resin can be accomplished in a hot air cabinet at 


175° F. for an extended period. 


Effect of Aftercuring Process 


Wrinkle recovery 
angle (warp) 


Crease 
appearance 


Washed 
10 times 


Washed 
10 times 


Treated 
original 


Treated 
original 


133 117 E 


88 88 
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Effect of Fabric Type 
The same resin treatment outlined for the 80 x 80 


cotton print cloth was followed for the following 
types of cotton material: cord, denim, sateen, broad- 


cloth, gingham (2 separate samples), corduroy, light 


These 


fabrics require a longer time for drying, smoothing, 


weight suiting, and heavy weight suiting. 


and curing than the print cloth, because they are 
heavier in weight. The broadcloth, cord, gingham, 
and lightweight suiting were treated 30 sec. on the 
hot-head The and 


heavy weight suiting required about 60 sec. on the 


press. heavier denim, sateen, 
hot-head press for complete drying and smoothing 
of the 


aftercured for 2 hr. in the hot air cabinet. 


surface. The heavier weight fabrics were 

Following the resin treatment, all samples were 
washed ten times, with each wash consisting of 15 
at 140° F. 


a commercial detergent. 


min. in an agitator-type washer, with 
at 


tumble dried 


After a 5-min. rinse 
140° F. the fabrics were extracted and 
at 150° F. 20 


various fabrics withstood ten washings very well. 


for min. Generally speaking, the 
In some cases the sharpness of the crease on the 


washed sample retained the same rating as that on 


TABLE Il. 
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the original sample. In other cases the rating for 
crease retention on the washed sample dropped one 
The wrinkle recovery angles were reduced 
Detailed 


On the few samples 


grade. 
somewhat after the series of ten washings. 
data are given in Table il. 
where the wrinkle recovery was quite low, as for 
example denim and sateen, the wrinkle recovery 
could possibly be improved by extending the period 
of aftercure. 

The appearance of certain types of fabrics is im- 
proved if the body or stiffness of the cloth is in- 
creased slightly. To achieve some stiffening, the 
same fabrics were treated with the same resin formu- 
to which 2% 


lation of Argo Gloss Starch* was 


added. Preliminary studies showed that such a pro- 
cedure might be desirable [5]. In practically all 
cases, the sharpness of crease remained excellent 
In most of the fabrics, the crease 


little 


after ten washings. 


recovery angle was a less than on the resin 
treated pieces without starch, although after ten 
washings the recovery values were quite similar on 
samples either with or without starch. Five of the 
treated fabrics showed objectionable white streaks, 


which presumably were caused by uneven application 


Various Constructions of Cotton Fabric 


Standard Resin Formulation—No Starch 


q Nitrogen 


Curing Treated Dry- 


Fabric equipment original Wash  clean* 
Cord 

Cord 

Denim 

Denim 

Sateen 

Sateen 
Broadcloth 
Broadcloth 
Red gingham 
Red gingham 
Violet gingham 
Violet gingham 
Corduroy 
Corduroy 

Lt. wt. suiting 
Lt. wt. suiting 
Heavy suiting 
Heavy suiting 
80 X 80 Print 
80 * 80 Print 


Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 
Hand iron 
Hot-head 


Hand iron 


0.83 
0.82 
1.10 
1.07 0.86 
0.93 0.79 
0.87 0.66 
1.15 1.04 
1.06 0.89 
0.97 0.84 
0.91 0.74 
1.01 0.83 
0.88 0.75 
0.79 0.74 
0.93 0.82 
0.83 0.79 
0.99 0.81 
0.90 0.71 
0.95 0.63 
0.95 0.82 
0.86 0.88 


0.74 
0.64 
1.04 


0.89 
0.80 
1.08 
1.07 
0.92 
0.85 
1.13 
1.15 
1.06 
0.83 
0.94 
1.06 
0.89 
0.89 
0.91 
1.03 
0.79 
0.85 


* Drycleaned five times in perchlorethylene. 


Wrinkle recovery angle, Crease 


warp + filling, degrees appearance 
Dry- 
clean** 


Treated 
original 


Dry- 


4 lean* 


Treated 
original Wash Wash 
209 
197 
205 
215 
200 
214 


240 
219 
219 
216 


75 


au 


=m ib 


G 
F 
G 
G 


or) 
c 


tw ty lv Ww hy 
ty & 
w © 


220 
247 
240 
250 


245 


256 
5? 


ee ee ee 
~~ eo Uw & 
~eivw © 


ee ae ee ee se he, hm Le Lc 


— a ARMA MAMA A A 


** Drycleaned five times in perchlorethylene and five times in Stoddard Solvent 


E = excellent; G = good; F = fair. 





256 


of the starch. Smaller amounts of starch may not 
result in streaks. 

Treated samples of each fabric were subjected to 
repeated commercial drycleanings ; all withstood the 
cleaning action very well. There was very little 
change in the wrinkle recovery angle after five dry- 
cleanings. On suiting fabrics, fastness of the resin 
A dry- 
cleanable finish has a merchandising advantage over 
one which is not drycleanable. 


finish to drycleaning could be important. 


Cost of Application 


The resin finish has been applied to a variety of 


cotton garments such as sport shirts, skirts, dresses, 
On the basis 
of this work, the process appears to be technically 
feasible. 
on the basis of prevailing labor and material costs in 
the Washington, D. C. area. 

For a suit with pleated trousers, the cost was 
$1.74, and for a suit with plain trousers, $1.64. 
vious tests on plain sport shirts produced figures to 
give an estimated cost of 90¢ per shirt. These 
figures are cost figures and do not include any profit 
margin. However, the above figures represent the 
cost for a single item. If several items were handled 
at once, the unit cost could be somewhat less because 


work trousers, and cotton cord suits. 


The cost of such a process was estimated 


Pre- 


some processing operations could be performed on 
several garments simultaneously. 


Summary and Conclusions 


The application of a wrinkle resistant, crease re- 
tentive finish to cotton garments by means of con- 
ventional drycleaning plant equipment is technically 
feasible. 
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The procedure which has been developed consists 
of saturating the fabric with resin emulsion, mainly 
cyclic ethylene urea, extracting to 75% wet pickup, 
drying and curing on a hot-head press in a single 
operation at a temperature of about 300° F., after- 
curing in a hot air cabinet at 175° F. for one or more 
hours, afterwashing the fabric, and tumble drying at 
150° F. The aftercuring process has been shown to 
be particularly important on garments where several 
thicknesses of fabrics are present. 

The effectiveness of the finishing treatment has 
been demonstrated on fabrics of various construc- 
tions, including print cloth, denim, sateen, cord, 
broadcloth, gingham, corduroy, and suiting materials. 

The cost of finishing cotton suits on drycleaning 
plant equipment has been estimated. The costs of 
the operation seem reasonable. 
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Dialdehydes as Cotton Cellulose Cross-Linkers’ 


Melvin D. Hurwitz and Lawrence E. Conion 
Textile Laboratory, Rohm and Haas Co., Philadelphia, Pa. 


Abstract 


Formaldehyde, when applied with acid catalysis, is the most effective cellulose cross- 
linker available in that it produces the most crushproofing on a weight basis. However, 
formalization is accompanied by high strength loss in cotton. 

It has been postulated that the unfavorable crease recovery—strength relationship 
with formaldehyde is a function of the shortness of the acetal cross-link. It has also 
been postulated, naively, that longer cross-links could be derived from long chain 
dialdehydes, the crease recovery—strength relationship improving with increasing chain 
length. 

Work with the dialdehydes glyoxal (C,), glutaraldehyde (C;), and a-hydroxy- 
adipaldehyde (C,,) yielded crease recovery—strength relationships similar, if not identical, 
to formaldehyde. This finding is consistent with the known chemistry of the formalde- 
hyde-cellulose reaction in that the acetal linkage controls the length of the cross-link. 


Introduction due to acid hydrolysis of the cellulose resulting from 
> ps the low pH required to effect reaction. 
Formaldehyde has been of interest as a cellulose fe I apt , d : ‘ 
} . . : : : . To study the effect of chain length in a series of 
reactant since Eschalier [1] first used it to improve : ' a ; 
F : cellulose cross-linkers, it was decided, naively, to 
the wet strength of regenerated cellulose fibers. 7 1c 
, s a ; examine the series of dialdehydes glyoxal (C,), 
When applied with acid catalysis, formaldehyde is ‘ whee , 
' “ae : . glutaraldehyde (C,;), and a-hydroxyadipaldehyde 
probably the most effective cellulose cross-linker i ae ‘ joie a 
: . ‘ . (C.). The latter two have been commercially avail- 
available in that it produces the most crushproofing ; : %, 
as . able for only a few years, although the use of glyoxal 
on a weight basis. However, more simultaneous loss “ <b e) t Pii o . . 
; . for the stabilization of regenerated cellulose has long 
in strength results than with any other treatment , 
gas , : , a been practiced. 
short of actual fabric degradation. This is dramat- 
ically illustrated in Figure 1, in which formaldehyde Experimental 


is compared to dimethylol ethyleneurea. In all the work described here 80 x 80 cotton 


Loss in tensile and tear strengths accompanying fabric, 4.0 yd./Ib 
the resin treatment of cotton fabrics has been a 


, desized, kier-boiled, bleached but 


critical problem in the industry. Improvements in 
elastic recovery of the yarns (see Figure 2), to 
which crease recovery is generally attributed, always 
has been accompanied by a corresponding loss in 
extensibility. The loss in strength in cotton is a 
direct result of this loss in extensibility. The very 
unfavorable crease recovery—strength relationship 
found for formaldehyde has been attributed to an 





extreme loss in extensibility because of the shortness 
of the formal cross-link. It has been suggested by 
Nuessle, Fineman, and Heiges [4] that part of the 
loss in strength in formaldehyde treatment may be 








sini satin On 

1 Presented at the Sixth Chemical Finishing Conference Fig. 1. 
of the National Cotton Council of America, Washington, 
D. C., October 3, 1957. 


Crease recovery—strength relationship for dimeth- 
ylol ethyleneurea (DMEU) and formaldehyde (HCHO) 
treated 80 X 80 cotton percale. 
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not mercerized, was used. Pyridine hydrochloride, 
reported by Gruntfest and Young [3] to be a supe- 
rior catalyst for urea-formaldehyde wet-strength 
paper resins, was found to be an excellent com- 
promise in the narrow region of satisfactory catalysis 
with minimum acid hydrolysis of the cellulose, and 
was used exclusively. 

The study concerned itself primarily with the 
physical properties—crease recovery, tensile strength, 
and tear strength—of the treated cotton as measured 
against the following variables: (a) aldehyde used 
in the application, (b) concentration of the aldehyde 
in the padding solution, (c) concentration of catalyst 
in the padding solution, and (d) time and tempera- 
ture of cure. 


Untreated 


5% Dimethylol Ethyleneurea Application 


original curve 


mechanicaitly conditioned curve 


extension 


25% Dimettylol Ethyleneurea Application 


Fig. 2. Generalized effect of resin treatment on cotton 
load-extension curves [from data of Steele and Giddings, 
TEXTILE RESEARCH JOURNAL 26, 116-123 (1956) }. 
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TABLE I. Conversion Table 


1N 


contains g./l. or Y%solids 


30.0 3.0 
29.0 2.9 
50.0 5.0 
65.0 6.5 
110.0 11.0 


formaldehyde 

glyoxal 

glutaraldehyde 
a-hydroxyadipaldehyde 
pyridine hydrochloride 


Testing was done on treated fabric after washing 
at 140° F., with built soap, in an automatic home 
type washer. It should be noted that only the rela- 
tive concentration of free aldehyde groups on the 
fabric was determined. No good analytical method 
for the determination of total bound aldehydes of 
low volatility has been found. 

Concentrations were determined in terms of equiv- 
alency for ease of comparison. 


Unreacted but Bound Aldehyde 


Oxidation of the free aldehyde on the fabric 
with Tollen’s reagent, followed by determination of 
residual silver, was found to be a satisfactory ana- 


lytical method. It was necessary to control reaction 


time, since prolonged exposure to Tollen’s reagent 


resulted in an accelerating secondary reaction with 
glyoxal and a-hydroxyadipaldehyde treated fabrics 
(Figure 3). A small value measured for the water 


control was taken into account. 


DURATION OF REACTION (ma) 


Reaction of Tollen’s reagent with dialdehyde 
treated cotton. 





Discussion 
Comparison of Aldehydes 
Under the same experimental conditions, the dif 
ferent aldehydes produced varying degrees of crease 
recovery and strength losses (Figure 4). Glutaral- 


dehyde produced more crease recovery than a-hy- 





droxyadipaldehyde, which was about as effective as 
formaldehyde, which, in turn, was much more effec- 
tive than glyoxal. Factors governing this order are 
most certainly rate and therefore degree of reaction, 
volatility, degree of association and polymerization 
of the individual aldehyde, molecular dimensions, 
and diffusibilty.. While all four aldehydes produced 
varying degrees of strength losses, the data suggest 
that these losses would more closely approach one 


another at equal amounts of reaction. 
Effect of Varying Initial Concentration 
in the Padding Solutions 


The effect on crease recovery and strength proper 








ties of varying the initial concentration of aldehyde 
in the padding solution was examined for both Fig. S. Relationshi 
formaldehyde and glutaraldehyde (Figure 5 rhe 80 cotton percal 
effect on crease recovery of a given increase in co1 in padding solutior 


centration of glutaraldehyde was more pronounced 


than that of formaldehyde. In Figure 5 it is show: 
that crease recovery resulting from formaldehyde 
treatment tends to reach a limiting value, this prob 


ably being a relative measure of the maximum re- 














Fig. 4. Crease recovery-strength relationships for treat- Fig. 6. Relationship of physical properties of treated 80 


I 


ments of 80 X 80 cotton percale with aldehydes of different 
carbon chain lengths. 


80 cotton percale with concentration of catalyst in padding 


solution (wet pickup about 75%). 
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tainable formaldehyde from an application under the 
experimental conditions. 

Surprisingly little trend in tensile or tear strengths 
was found with increasing concentration of aldehyde 
in the padding solution over the limits (0.2-1.0 NV) 
of this experiment. 


Effect of Varying the Initial Concentration of Acid 
Catalyst in the Padding Solution 


The acid catalyst used in this study was pyridine 
hydrochloride over the concentration range of 0.005- 
0.22 N; both formaldehyde and glutaraldehyde were 
studied. Crease recovery increased with catalyst 
concentration up to a limiting value for both at about 
0.11 N; this concentration was used as standard 
(Figure 6). 

With both formaldehyde and glutaraldehyde there 
was a decided initial decrease in tensile and tear 
strengths with increasing catalyst 


58% 


concentration. 
for both aldehydes 
over the catalyst concentration range of 0.005—0.05 
N, with an additional 10% loss in strength over the 
range of 0.05-0.22 N. This may indicate that acid 
damage does not amount to more than 10% strength 


loss. 


This amounted to about 


Effect of Temperature and Length of Cure 


With a-hydroxyadipaldehyde only, two curing 
temperatures (240° and 300° F.) were used; dura- 
tion of cure was varied from 5-20 min. (Figures 
4 and 7). 

At 240° F., lengthening the cure time produced 
a decided increase in crease recovery up to 10 min.; 
longer cures than this caused no change in crease 
recovery obtained. At 300° F. (actually the samples 
were dried for 5 min. at 240° and then given varying 
cures at 300° F.), there was no decided change in 


TABLE Il. 
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crease recovery produced over the range of 5-20 
min. ; however, all crease recoveries obtained in these 
cures were markedly above those produced by the 
240° F. cures. 

Tensile and tear strength losses increased with 
increasing time, tending to level after 10 min. cure. 
Strength losses resulting from the 300° F. 


were greater than those produced at 240° F. 


cure 
These 
differences could be associated with increased crease 
recovery. 

It should be noted that a-hydroxyadipaldehyde 
was used at lower-than-optimum concentration rela- 
tive to crease recovery in this time-temperature 
study. 

Some effort was made to inhibit discoloration 
through the use of hydrogen peroxide as the acid 
catalyst. While this worked, no appreciable crease 
recovery was exhibited by the finished fabric (Table 
IT). 

Metal salt acid catalysis using zinc sulfate and 
magnesium chloride was also attempted. Neither 
produced satisfactory crease recovery, with the zinc 
salt inducing excessive acid damage. 

It is apparent that there is little significant differ- 
ence between formaldehyde and dialdehydes relative 
to the physical effect on cotton cellulose. A survey 
into the chemistry of the formaldehyde—cellulose re- 
The 
literature reviewed and extended by Woo, Dillon, 
and Dusenbury [6] presents data and results which 


action lends an understanding to the results. 


are generally interpreted as summarized below. 
Formaldehyde reacts selectively with the second- 
ary hydroxyl groups of cellulose in the same manner 
that it would react with any other alcohol to produce 
formal linkages. The classical methylation tech- 
niques [5] indicated that the linkage is between the 
2-hydroxyl of one glucose residue and the 3-hydroxyl 


Performance of Dialdehydes as Cotton Crushproofers 


Catalyst Study with a-Hydroxyadipaldehyde * 


Catalyst 
0.11 M/I. 


Stabilization 
(% Area shrinkage) 


H.O,- 

ZnSO, 

MgCl. 

Pyr. HCl 
Water control 


Crease 
recovery 


109 27 28 


Warp strength 
Tensile, 
Ib. /in.? Tear** Discoloration 
87 40 38 
97 24 28 
90 32 35 


slight 
yellow 
yellow 
yellow 
none 


67 46 46 


Cure = 10 min. at 300° F. after drying for 5 min. at 240° F. 


*0.4 N. 
** Elmendorf units (X 0.035 = Ib.). 
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of another. These linkages are formed in such a 
manner as to inhibit extraordinarily the swelling 
ability of cellulose and are, therefore, concluded to 
cross-link the cellulose chains. Moreover, the cross- 
links have been shown by Pacsu and Wagner to be 
purely formal and not polyoxymethylene entities. 

It should also be noted that it has been considered 
improbable that these linkages could form between 
any two hydroxyl groups of a given glucose residue 
in a single cellulose molecule. The improbability of 
dioxolane formation between formaldehyde and the 
adjacent trans- secondary hydroxyl groups appears 
questionable in terms of present steriochemical con- 
cepts. 

The cross-linking by formaldehyde of cellulose 
chains in cotton may then be pictured to occur in the 


following way: 


Since there are no significant structural or chemical 
differences between formal and acetal linkages, it 
would be expected that any other aldehyde (RCHO) 
should cross-link cellulose in the same way as does 
formaldehyde 


The effective length of the cross-link from RCHO 
should be exactly the same as that from formalde- 
hyde. Differences which might be expected to exist 


between the two treatments, then, would result only 


from the differences in dimensions of the R-groups 


as compared to hydrogen. These probably would 
have only a secondary effect on the end result so 
long as the R-group is sufficiently small to allow the 
aldehyde to penetrate the cellulosic fiber to the re- 
action sites, or, in other words, was sterically in- 
significant. Thus the effect of the R-group would 
If the alde- 


hyde groups are restricted as in glyoxal, the utiliza- 


be primarily one of degree of reaction. 


tion of the second carbonyl group becomes less 
probable (Figure 3). Thus dialdehydes, such as 


glyoxal, glutaraldehyde, etc., should react with cellu- 
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lose as does formaldehyde, with the reservation that 
in dialdehydes there is a second reactive group. 

Until a satisfactory method is developed for deter- 
mining total aldehyde in cellulose, we can not prove 
that all acetal linkages are equally effective—only 
that they exhibit similar effects on cotton’s crease 
recovery—strength relationship. 

Practically, then, the advantage of using higher 
molecular weight aldehydes or dialdehydes might be 








RATION RE (min 


Fig. 7. 


cotton 


Relationship of physical properties of 80 x 80 


percale treated with 0.4 N a-hydroxyadipaldehyde 


as a function of temperature al d duratiotr = cure 











Fig. 8. Crease recovery-strength relationship of 80 x 80 
cotton percale treated with dimethylol ethyleneurea and di- 
methylol ethylene bis (ethyleneurea). 
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one of lower volatility and consequently higher ef- 


ficiency of reaction with the cellulose. True long 
chain cross-linking cannot be realized in this manner. 

To secure some information on the effect of long 
chain cross-links, two available compounds having 
essentially the same structure but different lengths 
between reactive centers were studied briefly. Di- 
methylol ethyleneurea and dimethylol ethylene bis 
(ethyleneurea) differ in minimum [4] distance? of 
crosslinking by 5 atoms (7 vs. 12). 


N—CH:0OH 


HOCH;—N N—CH.CH:—-N N—CH,0OH 


CH:——CH: CH.—CH; 


Dimethylol Ethylene bis (Ethyleneurea 


Data on the crease recovery—tensile and tear strength 
relationship indicate little significant improvement in 
favor of the longer cross-link. It appears then that 
while the advantage in extending the chain from a 
3-atom cross-link (acetal) to 7 (methylol ethylene- 
urea) is significant, extension to 12 atoms does not 
offer a 
and 8). 


Although the data indicate that the formal linkage 


significant improvement (see Figures 1 


2 Minimum distance is specified since it is probable that 
the methylol ethyleneureas undergo some polymerization and 
do not react solely in the monomeric form. 
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is short enough to cause embrittlement, there is 
serious question as to the soundness of the assump- 
tion that a significantly better crease recovery- 
strength relationship could be achieved with long 
cross-linkers. 


chain It has been pointed out by 


Gagliardi and Gruntfest [2] that the change in 
structure on cross-linking which leads to reduction 
in strength is also responsible for the increased 
elastic recovery. Thus little should be gained by the 


long chains except loss in efficiency. 


Conclusions 


From this study the following has been concluded: 

1. Formaldehyde and dialdehydes as cross-linking 
agents for cotton cellulose are essentially equivalent 
relative to the crease recovery—strength relationship. 

2. The acetal bond is the basic cross-link, regard- 
less of chain length, with dialdehydes. 

3. There is serious question as to the soundness of 
the hypothesis that long cross-links would improve 
the crease recovery—strength 


relationship — signifi- 


cantly. 
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INDUSTRIAL SECTION 


The Identification and Estimation of Phenolic 
Fungicides in Mildewproof Materials 


Clifford L. Hilton 


U.S. Rubber Company, Research Center, Wayne, N. 


4 


Abstract 


An ultraviolet spectrophotometric method has been developed for the analysis of many 


of the commercial phenolic fungicides 
obtained. 


fungicides ) have been included 


Because of the increased interest in mildew- 
proofing agents, a method of analysis broad enough 
in scope to be applicable to many of the commercial 
phenolic fungicides has been developed. The method 
depends upon the ultraviolet absorption spectrum of 
the fungicide after extraction from the fabric. Qualli- 
tative identification and quantitative estimation of the 
fungicide are accomplished by comparison with data 
for known compounds 

One of the most widely used fungicidal materials 
in recent years has been 2,2’-dihydroxy-5,5'dichloro- 
diphenylmethane [5]. Methods of analysis for this 
compound have been the modified microprocedure 
of Willard and Thompson for halogen [10], colori- 
metric analysis by means of 4-aminoantipyrine [1, 2, 
4], and colorimetric analysis by means of 2,6-dibro- 
mo-N-chloroquinonimine [8]; this procedure was 
first reported by Gibbs [3]. While these methods 
have proved satisfactory to a greater or lesser degree, 
it was desirable to have a method which could be 
carried out on a larger variety of samples with a 
minimum of effort. Because of the comparatively 
strong ultraviolet absorption spectra of most phenolic 
fungicides, it seemed likely that this method of analy- 
sis might be used. 


1 Contribution No. 124. 


Accuracy and 


precision of +3% have beet 


The ultraviolet absorption spectra of twelve compounds (thirty commercial 


Some work on the 


ultraviolet absorption technique 
7 


has already been reported [7, 9], but these papers 


concern quantitative methods based on the batho 
chromic shift to longer wavelengths exhibited by 
ionized phenols. Since the phenolic compound has 
not been identified, the quantitative data must be 
based upon an average absorptivity. Identification 
as well as estimation of the phenol can be accon 
plished by the present method 

A rather extensive review and comparative evalua 
tion of analytical methods for phenolic compounds 
Although this 


determination of phenols in 


1; 


has just appeared [6]. paper dis 


cusses the water and 
industrial waste waters, references are 


media as well. 


Experimental 
d 1 pparatus 
The absorbancy measurements were made with a 
Beckman Model DU Spectrophotometer using 1.000 


cm. quartz cells. 


Purification of the Fungicides 

Technical grade commercial fungicides were puri 
fied by steam distillation from slightly acid solution. 
The compounds were then recrystallized from 2,2,4- 
trimethylpentane. 





264 


Procedure 


An accurately weighed sample of fabric (0.500 g.) 
is placed in a 125-ml. Erlenmeyer flask with 25 ml. 
of 0.5 N sodium hydroxide solution and heated for 
a period of 15 min. The liquid is decanted into a 
sma!l separatory funnel and the extraction with 
alkali repeated. The combined alkaline solution is 
extracted with two 50-ml. portions of 2,2,4-trimeth- 
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The al- 
kaline layer is acidified and then extracted with 
The 
combined extracts are washed with 25 ml. of 0.1 N 
hydrochloric acid solution and transferred to a 100- 
ml. volumetric flask. After bringing the solution to 
the mark with additional 2,2,4-trimethylpentane and 
mixing thoroughly, the ultraviolet absorption spec- 


ylpentane to remove extraneous material. 


three 25-ml. portions of 2,2,4-trimethylpentane. 
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trum from 220-360 my is determined. The identifi- 
cation of the fungicide is accomplished by comparison 
with Figures I through XII. 
cide is estimated by means of the equations given in 


Table I. 


The amount of fungi- 


Development of the Equations 


The total weight in grams W of fungicide present 
where A is the 
absorbance (optical density) of the solution at the 


in a sample is given by W = Ac, 


point of maximum absorption and c is the concentra- 
tion (grams of fungicide per 100 ml. of solution) 
to yield an absorbance of 1.000 at the peak. The 


TABLE I. 


Figure Compound 


2,2’-dihydroxy-5,5’- 
dichloro diphenylmethane 


\lropel 
Cerol 
Conco GD 
Technical grade Fungicide A 
Amicrol 
Dowicide 1 


o-phenylphenol 


Dowicide 2 
Dowicide B 


Sept | 


2,4,5-trichk re ypphen yl 


Dowicide 3 
Dowicide C 
Warcocide 3 


2-phenyl-4-chlorophenol 


Dowicide 5 
I Jow icide 


2-bromo-4-phenyl-phenol 


2,3,4,6-tetrachlorophenol Dowicide 


Dowicide 


Dowicide 7 
Dowicide G 


\lropel DC 7 


pentachlorophenol 


dihydroxyhexachloro- 
diphenylmethane 
rechnical grade 


Fungicide G-11 


None 


3,5-dibromo-o-cresol 
E. K. 


White Label 


Tribromophenol None 


E. K. White Label 


Tetrabromo-o-cresol 


E. K. White Label 


2,4,6-trichlorophenol 
E. K. White Label 


Commercial name 
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percent fungicide then equals 100 Ac/wt. of sample 
in grams. 


Results 
Since commercial fungicides are of varying purity, 
only purified materials were used in preparing the 
Table 
I) ; the results obtained thus give the amount of pure 


standard curves (unless otherwise stated in 


fungicide present. Samples of fabric containing 


known amounts of fungicide were prepared for only 
three of the compounds. However, it has been 
ascertained that little or no phenolic material is lost 


during the procedure. 


Equations to be Used for Various Fungicides 


Equation 


0.86 (absorbance at 284 mu 


Fungicide G-4 a 
Fungicide M 

Fungicide P 

Preventol GD 


wt. sample, g 


aa ? > at 243.5 
Dowicide A .24 (absorbance at 243.5 my) 


Warcocide 1 wt. sample, g. 


(absorbance at 297.5 my) 


wt. sample, g. 


(absorbance at 286 my) 


wt. sample, g. 


(absorbance at 286 mz) 


wt. sample, g. 


(absorbance at 299 mu) 


wt. sample, g 


(absorbance at 302 mz) 


wt. sample, g. 


(absorbance at 297. 


wt. sample, g. 


(absorbance at 291.5 mz) 


wt. sample, g. 


.108 (absorbance at 297.5 my) 


wt. sample, g. 


.23 (absorbance at 299 my) 


wt. sample, g. 


.706 (absorbance at 295.75 my) 


wt. sample, g. 





TABLE II. Experimental Results Using Known 
Concentrations of Fungicides 


Calculated, Found, Error, 
Fungicide Figure % % % 
G-4 0.632 
0.622 


0.731 
0.693 


0.149 
0.149 


Dowicide 5 


Discussion and Conclusion 


A sample weight of 0.500 g. is chosen for an 


unknown sample. This is usually satisfactory for 


the qualitative analysis. However, the sample size 


should be adjusted wherever possible to give an 


absorbance of 1.100—1.200 for greater accuracy in the 


quantitative estimation. Samples of fabric contain- 


ing unknown amounts of fungicide were run in 


duplicate. The precision in all cases was_ better 
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— 
- € 
= 0%. 


than 
usually 90 + 10% pure, the accuracy and precision 


Since technical grade fungicides are 


of the method are quite satisfactory for the purpose. 
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Comparative Mercerization of Yarns Made From 
Pima S-1, Peruvian Pima B-B, and 
Egyptian Karnak Cottons 


Alton L. Murphy and Charles F. Goldthwait' 


Southern Regional Research Laboratory,? New Orleans, Louisiana 


Abstract 


The mercerizing characteristics of yarn made from lots of Pima S-l1, 


] 


and Egyptian 


several different them 


difference was found among the cottons 


ways to compare 


Karnak cottons have been compared. The 
under 
These tests 


Peruvian Pima, 
mercerized in 
little 


were part of an extensive study 


yarns were 


these different conditions; very 


of methods for evaluating the mercerizing characterstics of cottons of different varieties 


or growths, which 


h 


made here are reported because of particular immedia 


Introduction 


In an earlier comparison [1] between 2-ply yarns 
of mercerizing twist made from sample lots, there 
was a small but definite superiority in the response 
to mercerizing of 
the Karnak cotton. 


the Pima S-1 cotton over that of 

The yarns gained about the same 
percentage of strength, but on account of greater 
initial strength of the Pima S-1, it had about 17% 
greater breaking strength than the Karnak after a 
[ The 


| rhe iT 


representative process of mercerizing Pima 
cotton also showed slight advantages in and 


luster and in clarity and depth of color after dyeing. 
The materials in the present tests, which are con- 
sidered to be even more nearly representative of these 
and 


cottons of probable end uses, 


similar results. 


gave generally 


Mercerized yarns are usually judged on the basis 
of luster, dyeing properties, strength, and gain of 
McDonald et al 
[5] that fibers and yarns from uniform cottons gain 


strength. It has been shown by 


less strength from mercerizing than do fibers and 
yarns from nonuniform cottons. In consideration of 
this observation, as well as of general experience, 
percentage gain alone is not necessarily sufficient as a 
measure of the strength of a mercerized yarn. That 
the level or base from which it is calculated helps 


1 Present address: School of 
State College, Raleigh, N.C 

2 One of the laboratories of the Southern Utilization Re- 
search and Development Division, 
Service, U. S. Department of 


Textiles, North Carolina 


Agricultural Research 


Agriculture. 


is of interest to both breeder and 


user of cottons 


he comparisons 


* interest by users of these cottons 


also to determine the all-important final strength is 
sometimes overlooked 


Materials 


The yarns tested were sewing threads of the con- 
Table I. The 


were trom comn 


structions shown in threads of the 


first pair (55/3) made ercial lots 


of the cottons ; the Pima S-1 was from the 1955 crop 
The 


lots from one bale each The 


other threads were made from spinning test 
second Pima S-1 and 
the Peruvian Pima cottons were from the 1956 croj 
While the immediate purpose is to present results 
from specific tests, the methods used are believed to 


be of general application, and therefore of some 


interest 


Methods 


Comparable skeins of the yarns were reeled, meas- 
ured, and mercerized at room temperature according 
to methods previously described [2, 3] 


hydroxide of 22.5% 


with sodium 


concentration. Some _ skeins 


were mercerized at their ordinary or normal length; 
others at 0.5% or 3% above normal length to simu 
late more nearly commercial processes in which yarns 
may be stretched somewhat; still others were allowed 
to shrink completely. Although mercerizing under 
the last condition has slight practical interest, it was 
done because it might show some difference between 
cottons not disclosed otherwise. Three skeins of 
each yarn were mercerized by each method and ob- 
which 


servations on them agreed. All yarns for 
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comparisons are reported were handled under strictly 
comparable conditions. 

Skeins of yarn from comparable cottons, grey and 
mercerized, were dyed together by an ordinary direct 
dyeing method with 1.5% Chlorantine Fast Blue 
4 GL (Ciba)*; others were dyed by the differential 
dyeing technique [4], which is particularly sensitive 
to differences between cottons. One pair only, the 
Pima S-1 and Karnak 55/3 threads, was dyed direct 
with 1.5% Cupranil Brown BCW (Ciba). The dyes 
were chosen as likely to emphasize any difference in 
dyeing characteristics of the yarns. Color and luster 
of the grey and mercerized natural yarns and colors 
of dyed yarns were judged visually. 

Tests for breaking strength and elongation were 
made on single threads on an Uster automatic yarn 
tester ; results from 80 breaks were averaged for each 
reported value. 


Results 


The results which can be expressed numerically 
are given in Table II. 

Comparisons of yarn strengths are made between 
count-strength products. All of the yarns made from 
Pima cottons were stronger initially than the com- 
parable yarns from Karnak cotton. Although Kar- 
nak yarns were found as in previous tests to have 
gained in strength by a somewhat greater percentage 
than Pima S-1 yarns, the latter were the stronger 


3 Mention of trade names of materials is for information 
and convenience only and does not imply endorsement over 
materials not mentioned. 


TABLE I. Description of Yarns Before Mercerizing 


Pima S-1 Karnak 
(ist lot) (1st lot) 


Yarn count (nominal) 55/: 55/3 
Yarn count (equivalent singles) 

Twist, singles, t.p.i. . ; 
Twist, ply, t.p.i. . 8 


Pima S-1 
(2nd lot) 
50/3 
17.4 
25.8 
16.9 


Karnak 
(2nd lot) 


50/3 
16.7 
26.1 
16.9 


Yarn count (nominal) 

Yarn count (equivalent singles) 
Twist, singles, t.p.i. 

Twist, ply, t.p.i. 


Karnak 
(3rd lot) 


Peruvian 
Pima B-B 
49/3 
14.9 
24.5 
17.3 


Yarn count (nominal) 

Yarn count (equivalent singles) 
Twist, singles, t.p.i. 

Twist, ply, t.p.i. 
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after mercerization in every comparison because of 
greater initial strength. Pima B-B 
differed in that it was not only a little stronger at 
the start but also gained by a somewhat greater per- 
centage. These differences are attributable to slight 
differences between the cottons. 


The Peruvian 


The yarns are too 
nearly alike in construction to account for them, and 
small differences in size are adjusted'by the calcula- 
tion of the count-strength product. 

Yarns mercerized similarly were judged to have 
approximately the same luster. Several different 
observers selected repeatedly the 
as being slightly lighter and brighter than the corre- 


sponding Karnak yarns. 


55/3 Pima yarns 


This seems to have fol- 
lowed because there was very little difference in 
color and luster between the grey yarns, but the 
Pima S-1 did appear a trifle lighter. 

No important difference in dyeing properties was 
noted. There was no difference in depth of shade 
or in appearance of the comparable 55/3 yarns of 
Pima S-1 and Karnak cottons when dyed blue, 
brown, or even differentially. In the other compari- 
son of Pima S-1 and Karnak (50/3), all comparable 
yarns were colored to the same depths of blue except 
the grey and shrunk-mercerized Karnak yarns, which 
came out lighter. The Pima was slightly more red 
from differential dyeing, such redness being usually 
an indication of higher maturity. In the comparison 
of Peruvian Pima B-B and Karnak cottons, the grey 
Pima dyed a slightly darker blue; comparable yarns 
dyed to the same depth of shade after mercerization, 
and the Karnak was slightiy more red when dyed 
differentially. It might be noted especially that the 
various observations on yarns mercerized by the less 
practical method of complete shrinking confirmed the 
general similarities of the cottons being compared, 
independently of the tests more closely connected 


with their pratical use. 


Conclusions 


As a general conclusion from the laboratory tests, 
the yarns from the Pima S-1, Peruvian Pima B-B, 
and Karnak cottons responded very nearly alike to 
mercerization, but there were slight advantages with 
the Pima cottons. An observed higher percentage 
gain of strength seems typical of the Karnak as com- 
pared with the Pima S-1, but it was more than offset 
by the higher initial strength of the latter. The find- 
ings on these particular samples may not, of course, 
necessarily apply to all samples of these cottons. 
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TABLE II. 


Breaking Gain in 

Kind of cotton strength, strength, 

and process g. % 
Pima S-1, 55/3 


Grey 999 
Merc., normal length 1093 
Merc., 0.5% stretch 1111 
Merc., 3% stretch 1066 
Merc., fully shrunk 1126 


Karnak, 55/3 


Grey 911 
Merc., normal length 1054 
Merc., 0.5% stretch 1042 
Merc., 3% stretch 1069 
Merc., fully shrunk 1067 


Pima S-1, 50/3 

Grey 877 
Merc., normal length 1002 
Merc., 3% stretch 960 
Merc., fully shrunk 1016 


Karnak, 50/3 


Grey 

Merc., normal length 
Merc., 3% stretch 
Merc., fully shrunk 


Peruvian 
Pima B-B, 49/3 


Grey 

Merc., normal length 
Merc., 3% stretch 
Merc., fully shrunk 


Karnak, 49/3 


Grey 

Merc., normal length 
Merc., 3% stretch 
Merc., fully shrunk 


Elongation, 
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Strength and Elongation of Threads 


Count- 
strength 
product 


Shrinkage, 
oe or 


0 0 Count 


15385 
17269 
18109 
17589 
14525 


14303 
16864 
16359 
17532 


13871 


13911 
16266 
17051 


13763 


14051 
16663 
17768 
13640 


12927 
14460 
16350 
12424 
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A Note on the Molecular Weight of Two Seed Hair Celluloses 


McGill University and 
Pulp and Paper Research 
Institute of Canada 
Montreal, Qubec 
October 4, 1957 


To the Editor 
TEXTILE RESEARCH JOURNAI 


Dear Sir: 


In previous investigations the molecular proper- 
ties of native cellulose from two seed hairs, milk- 
weed floss [5] and kapok[6],werestudied. Inboth 
cases the cellulose was isolated by nitration of the 
untreated fibers and the molecular weight was 
determined viscometrically on the basis of sedimen- 
tation-diffusion measurements [4]. Both 
contained 40% cellulose, but in each case only 28% 
This 
was in contrast to experience with a large number 
of cellulosic materials where cellulose content and 
yield on nitration were nearly the same [8]. The 
degree of polymerization of the milkweed cellulose 
was 5800 [5], but for kapok a D.P. of only 3300 [6] 
was obtained, a value much lower than those found 
for other native celluloses [7, 8]. The isolation and 
molecular weight of these two celluloses have now 


fibers 


of the material could be isolated as a nitrate. 


been further investigated; this paper is concerned 
with the new results obtained. 


Results 

The extractive-free fibers of the milkweed floss 
were nitrated at + 6° C. for various lengths of time. 
As can be seen from Table I, which presents data 
obtained with two different crops of the material, 
the yields were now in close agreement with the 
cellulose content. The values for P,,,,, calculated 
according to Newman, Loeb, and Conrad [4], were 
approximately the same as those found previously. 

Values for the weight-average degree of poly- 
merization, P,,, of a series of cellulose nitrates have 


been determined recently by Huque, Goring, and 
Mason [2] on the basis of light-scattering measure- 
ments. In a previous study [9], a relationship was 
developed between P,, and the intrinsic viscosity of 
cellulose nitrates in n-butyl acetate at trisubstitu- 


tion, [nlr: 
(alr = 0.278 P,,°5? 

Application of this equation gave the values for 
The 
average value, 10600, is twice as high as that ob- 
tained for P,,., 


P,, presented in the last column of Table I. 


and is the same as that found re- 
cently for native cotton cellulose [9 ]. 

When milkweed floss was nitrated at + 17°C., a 
maximum yield of only 13.0% was noted; under 


similar conditions, kapok fibers gave a yield of 


TABLE I. Nitration of Milkweed Floss at + 6° C. 


Nitra- 
Year tion Nitro- 
of time, Yield,* gen, 
growth hr. &% % (n}t Po. Cn] P 


39.0 
40.9 
42.7 


1955 24 
1955 48 
1956 48 


13.45 
13.64 
13.60 


5000 
5500 
5300 


10500 
10700 
10600 


* Cellulose in percent of extractive-free material 

t DI. /g. in acetone at 25° at a nitrogen content of 13.60% 

** Di. /g. in n-butyl acetate at 30 
14.14%. 


ata nitrogen content of 


TABLE Il. Nitration of Kapok 


Nitra- 

tion Nitro- 
time, Yield,* gen, 

hr. % % P, 


12 32. 13.67 
24 32. 13.75 
48 32.4 13.76 


4400 
4500 
3700 


54.7 


49.2 


10250 
9500 


* Cellulose in percent of extractive-free material. 

t Dl./g. in acetone at 25° at a nitrogen content of 13.60%. 

** DIi./g. in n-butyl acetate at 30° at a nitrogen content of 
14.14%. 
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28.3% [6]. Nitration of the latter at + 6°C. in- 
creased this yield to 32.9%, as can be seen from 
Table II, but the figure was still below that to be 
expected from the amount of cellulose present. 
The highest value for P,,.,, was now 4500, which was 
more than one-third higher than had been obtained 
before. Determination of [y]r gave a maximum 
weight—average degree of polymerization of 10250, 
or almost the same as that found for milkweed floss 
and cotton. 


The P,, values reported here should be more 
representative for the true weight—average degree 
of polymerization of these materials than those 
found previously. The cellulose present in native 
cotton, kapok, and milkweed floss evidently has a 
molecular weight which is practically the same in 
all three of these seed hairs and which is as high as 
3 X 10* for the nitrate derivative and 1.7 X 10° for 


the original polysaccharide. 


Experimental 


Materials 


Milkweed floss was collected 


at the end of the 1955 and 1956 growing seasons 


(Asclepias syriaca 
from unopened but mature pods. The seed hairs 
The kapok 


tandra) has been characterized elsewhere [6 ] 


were manually deseeded. Ceiba pen- 


Methods 


Unless otherwise stated, experimental procedures 


were the same as those described previously [5, 6] 


Determination of [|r and P, 


Viscosity measurements out in 


were carried 
n-butyl acetate solution at 30°C. with 


Henderson viscometer [1 }. 


a Craig- 
The reduced \ iscosity 


was determined at seven different concentrations 


271 


and was extrapolated graphically to zero concen- 
tration. Intrinsic viscosities were adjusted to be 


valid for a completely substituted cellulose ni- 
trate (14.14% N) 
Frank [3]. 
weight average degrees ol poly merization, P., with 


the aid of the 


as described by Lindsley and 


Values for [»]r were converted to 


above relationship, which was 


based on data obtained for seven cellulose nitrates 


ranging in molecular weight between 0.65- and 


2.5 K 10°. The 


bration samples was determined as outlined above; 


intrinsic viscosity of these cali- 


the weight average degree ol polymerization was 


obtained from light-scattering measurements car- 
. 


ried out by Huque, Goring, and Mason [ 2 
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Slide Rule for Correcting Uster Evenness Calculations 


Orlon* Manufacturing Division 

E. I. du Pont de Nemours and Company, Inc. 
Camden, South Carolina 

July 29, 1957 


To The Editor 


TEXTILE RESEARCH JOURNAL 
Dear Sir: 


The integrator method of interpreting evenness 
tester results to determine the degree of evenness of 
textile sliver, roving, and yarn is rapidly growing in 
popularity, since it eliminates the tedious manual 
evaluation of evenness tester charts and furnishes 
percent unevenness v2'ues automatically while the 
specimen is under test. 

It is well known that evenness data furnished by 
the Uster Evenness Tester Chart Record and Inte- 
grator are biased and require correction [1, 3, 4]. 
Correction factors, which are functions of both the 
instrument range and the average value, are com- 
puted from the equation 


100% 
. 100% — (Average value or 
average line X sensitivity) 


Factor = 





Fig. Slide 


1Du Pont trademark. 


A table relating correction factors to various range 
and average value results is available for this pur- 
pose [5], as are a set of four tables relating apparent 
percent unevenness to true percent unevenness under 
various range and average value conditions [2]. 

This letter describes a slide rule developed in 
1952 to eliminate the need of reference tables and to 
reduce calculation time. The rule is applicable to 
the correction of average maximum percent uneven- 
ness results using the chart range method and to 
the calculation of average linear percent unevenness 
using the integrator method. 
are shown in Figure 1. 


The scales of the rule 


The rule is constructed from a 12-in. Pickett No. 


902 magnesium alloy stide rule. The white scales 


are first removed, using acetone and emery paper, 
and the blank rule is then given a layer of flat white 
undercoating which is baked for 24 hr at 125° C. 
The scales are applied manually to this surface, 
using black India ink, and the rule is again baked. 
Finally, a coat of clear plastic is sprayed over the 
scales; the plastic sold under the trademark “Kry- 
lon” is satisfactory for this purpose. 

The scales are applied in the following manner. 
Scales 3 and 4 are applied first, both scales simul- 


TABLE I. Position of Scale 1 Graduations in Terms 


of Scale 4 Graduations 


Range of scale 

Average 
value +100% +50% +25% 
58.4 
54.6 
51.4 
48.6 
45.8 
43.7 
41.6 
39.9 
38.1 
36.4 
35.0 
33.6 
32.2 
31.1 
30.1 
29.1 
28.3 
27.3 
26.6 
25.9 
252 


50 11.1 
44 11.0 
: 10.9 
32 10.8 
28 10.6 
22 10.5 
18 10.4 
12 10.3 
08 10.2 
O4 10.1 
.00 10.0 
96 
92 
88 
84 
82 
78 


72 


—— eo NN NN Nt te te 





Marcu 1958 

taneously, by tracing a logarithmic scale between 1 
and 35, using double-cycle log paper as a model. 
These scales are graduated between 1% and 35% 
and are labelled “apparent unevenness” 
(Scale 3) and “true percent unevenness” (Scale 


4). Scale 2, which is labelled “range of scale,”’ con- 


percent 


sists of four index marks which are aligned above 
2, 5, 10, and 35% on Scale 3 and which are labelled 
- 50%, +12.5%, +25%, and + 100% respec- 


con- 


tively. Scale 1, labelled “average value,” is 


structed by using Table I. 

Table I gives the location of the Scale 1 graduation 
marks in terms of the graduations on Scale 4, taking 
into account differences in average value and range 
of scale; the values in the table are the product of 
the factor computed in Equation 1 and the location 
on the rule of the index marks on Scale 2, 
Scale 4. 


are placed on Scale 1 at positions corresponding to 


in terms 


of the graduations on Thus, graduations 


the Scale 4 values given in Table I; the graduations 


are labelled with the proper average value numeral. 

To operate the slide rule, align the average value 
(Scale 3) 
(Scale 2) for the particular 
range in use and read the true percent unevenness 
on Scale 


given by the integrator or the chart 


with the index mark 


4 under the apparent percent unevenness 


» 


on Scale 3. 
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Book Reviews 


Fiber Microscopy. New York, 


Interscience, 1954. 


A. N. J. Heyn. 


Price $5.50. 


Reviewed by Robert G. Scott, Textile Fibers Depart- 
ment, E. I. du Pont de Nemours and Co., 
Inc., Wilmington, Delaware 


This book was prepared as a textbook and labora- 
tory manual for an elementary course and also for 
advanced studies of textile fibers with an optical 
microscope. As such, it is well written, particularly 
when one considers its size. It contains a concise 
description of the fundamentals of microscopy, sam- 
ple preparation techniques, and characteristics of the 
various textile fibers. It is devoted almost exclu- 
sively to results obtained from longitudinal views 
and cross sections as seen by bright field or polarized 
light. Only limited space is given to a description 


How- 


ever, all chapters are well supplied with literature 


of phase contrast and electron microscopy. 
references. Micrographs of selected fibers are also 
included. These are well reproduced on art paper. 
The book will be well used by those people who 


are active in microscopy. It is particularly good as 


a guide to basic techniques and fiber identification. 
There are a few sections, however, such as the one 
on photomicrography, that could be expanded profit- 
Also, 


at the time of this review, advances in fiber tech- 


ably if the book is to be used as a reference 


nology and in the science 
that a 
forthcoming. 


of microscopy have been 


so rapid revised edition should soon be 


Cellulose and Cellulose Derivatives. Vol. V 
High Polymers. 2nd ed., rev. Emil Ott, Harold 
M. Spurlin, and Mildred W. Grafflin, ed. New 
York and London, Interscience, 1954-55. Part I: 
xvi+ 509 pages. Price $12.00. Part II: viii 
+ 511-1055 pages. Price $12.00. III: viii 
+ 1057-1601 pages. Price $12.00. 


Part 


This is the second edition of the well known work 
on cellulose that appeared in 1943. It presents the 
most important scientific and technical information 
concerning cellulose and its derivatives. Increased 


knowledge and new viewpoints in the field required 
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extensive reorganization of the previous material; 
the result is the present treatise, comprising some 


69 chapters integrated in 12 monographs and writ- 


ten by 43 authors. A comprehensive Author Index 
(41 pp.) and a similar Subject Index (75 pp.) are 
included in Part III. 

The 


educational and practical purposes. 


work offers valuable information for both 


Advances in Carbohydrate Chemistry. Vol. 
XI. M. L. Wolfrom, ed. New York, Academic 


Press, 1956. xviii + 465 pages. Price $11.00. 


Reviewed by Eugene Pacsu, Princeton University, 
Princeton, N. J. 


This new volume of the Advances, under the edi- 
torship of Professor M. L. Wolfrom, represents a 
welcome addition to the first ten members of an ex- 
cellent reference work which has become indispensa- 
ble for all who are working in the carbohydrates 
and related fields. The reader of the present issue 


gains invaluable information on many subjects of 


current interest from the contributions of ten au- 
thors who have participated in writing the eight re- 
An obituary of the late Kurt H. 


Meyer was written by R. W. Jeanloz, one of his 


view articles. 

former students. 
In this volume the following topics are discussed: 

“Periodate Oxidation of Carbohydrates” by J. M. 
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Bobbitt (294 refs.) ; “Ozones” by S. Bayne and J. 
Fewster (211 refs.) ; “Reactions of Monosaccharides 
with £-Ketonic Esters and Related Substances” by 
F. Garzia Gonzalez (73 refs.) ; “Kojic Acid” by 
Andrew Beélik (133 refs.) ; “The Biosynthesis of 
Hough and J. K. L. 
“Branched-Chain Sugars of Natu- 
ral Occurrence” by F. Schafizadeh (70 refs.) ; 
“Nucleic Acids” by G. R. Barker (250 refs.) ; and 
“Aspects of the Physical Chemistry of Starch” by 
tis Y 

In addition to an Author Index (25 pp.) and a 


the Monosaccharides” by L. 


Jones (276 refs.) ; 


Greenwoc vd ( 273 refs. Be 


Subject Index (35 pp.), the volume also contains a 
generalized Cumulative Author Index (4 pp.) and 
a similar Cumulative Subject Index (5 pp.) to Vols. 


I-X. 


Vol. 


York, Interscience Publishers, 1957. 222 


Transactions of the Society of Rheology. 
I. New 


pages. 


The Society of Rheology has established its own 
journal for the publication of papers presented at 
meetings of the Society. Previously these have been 
carried in a single issue of the Journal of Applied 
Physics. This first issue, off the press in July 1957, 
contains fifteen papers. Among the authors are sev- 
eral whose names are familar to textile audiences, 
such as Hugh S. Taylor, Harris M. Burte, Bernard 


D. Coleman, and Herbert Leaderman. 











